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CHAPTER    1. 

Recent  Progress. 

,Ti4gement  of  the  British   Iron  Trade    Association 

[n;  the  duty  of  preparing  a  General  Report  on  the 

\  Ijy  its  Industrial  Commission,  I  have  naturally  to 

li.in  any  of  my  colleagues.     Hence,  I  made  it  my 

United  States  to  obtain  as  comprehensive  a  know- 

ihc  matters  dealt  with  in  these  pages.     For  this 

IT   ?-  different  works  in  and  around  the  principal 

■i;rin'^  centres,  including  Pittsburg,  Philadelphia, 

i'Oliio),  Youngstown,  Coatesville,  Birmingham 

lime  did  not  allow  me  to  visit  Chicago.     I  had 

111  .lyo  and    Birmingham  (Ala.),  and    I    deemed 

iirtant  centre  from  the  point  of  view  of  future 

rposes,  we  should  probably  not  greatly  err  in 

!  ill  history  of  the  American  iron  industry,  in 

r  to  other  countries,  and  is  calculated  to  alTect 

(litcd  States  in  the  markets  of  the  world,  did 

;.*■  year   1887.     It  is  true  that  previous  to  that 

■' ';;ress    had   been  made  in    certain    individual 

remarkable  outputs  had  been  obtained  alike 

ills,  but  the  production  of  pig-iron  haH  n—'—- 

ix  million  tons,  nor  had  the  outpi 

I  of  what  it  was  in  the  year  190a 
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EDITOR'S    PREFATORY    NOTE. 

T  N  the  course  of  the  last  few  years,  the  attention  of  the  Board 
of  the  British  Iron  Trade  Association  has  frequently'  been 
given  to  the  conditions  under  which  the  American  Iron  Industry 
was  claiming  and  securing  a  larger  share  than  before  of  the 
business  of  outside  markets,  and  largel}',  as  it  appeared,  at  the 
present  or  future  expense  of  the  British  Iron  Industry.  Again 
and  again  the  Association  has  dealt  with  the  issues  involved  in, 
and  dependent  on,  this  movement.  The  conditions  of  American 
industry  formed  a  part  of  the  earliest  work  undertaken  b}'-  the 
Association  on  its  establishment  in  1876,  more  especially  in 
relation  to  the  tariff  of  the  United  States.  In  1893,  Mr.  W.  S. 
Caine,  M.P.,  the  then  President,  read  a  paper  before  the  Asso- 
ciation on  the  conditions  of  the  American  Iron  Trade  in  relation 
to  the  Chicago  Exhibition.  Some  years  later,  Mr.  Franklin 
Hilton,  M.  Inst.  C.E.,  gave  to  the  Association  the  benefit  of  his 
observations  during  a  round  of  visits  to  the  leading  American 
works  of  that  time.  The  conditions  of  American  competition 
have  had  a  more  or  less  prominent  place  in  the  Presidential 
Addresses  of  Mr.  Alfred  Baldwin,  M.P.,  Sir  John  J.  Jenkins,  M.P., 
Mr.  William  Jacks,  M.P.,  and  others.  The  general  importance 
of  the  subject,  as  affecting  the  British  Iron  Industry,  has  not, 
therefore,  been  overlooked  by  the  Association  during  recent 
years. 

Nevertheless,  while  the  members  of  the  iron  trade  of  the 
United  Kingdom,  in  these  and  other  ways,  were  made  familiar 
with  the  general  scope  and  conditions  of  the  progress  of  American 
competition  in  outside  markets,  and  of  the  technical  improve- 
ments  that  had  made  that  competition  formidable,  as  well  as 
QQ    possible,    there  were    no  published  documents,    of  recent   date, 
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that  could  be  appealed  to  as  an  authoritative  record  of  the  true 
industrial  situation  of  the  moment,  and  of  the  character  and 
extent  of  the  influence  which  that  situation  exercised,  and  was 
likely  in  the  future  to  exercise,  on  one  of  the  greatest  of  British 
industries. 

It  was  obviously  desirable  that  this  hiatus  should  as  far 
as  possible  be  rectified,  and  hence,  after  consultation  with  Sir 
John  Jenkins,  M.P.,  the  then  President  of  the  Association, 
I  drew  up  a  memorandum  for  presentation  to  the  Board,  in 
which  I  recommended  the  appointment  of  a  Commission  of 
Experts  to  investigate  the  more  prominent,  essential,  and  domin- 
ating influences  that  had  enabled  the  United  States  to  reach 
their  present  status  as  an  iron-producing  and  iron-exporting 
country. 

The  Board  adopted  this  proposal,  and  appointed  the  following 
gentlemen  to  act  as  Commissioners,  assigning  to  each  the  subjects 
set  against  their  names  : — 

Sheet  and  Bar-Mill  Practice^  ^/c*— Mr.  Ebenezer  Parkes,  M.P., 

West  Bromwich,  President, 

Blast  Furnace  Practice. — Mr.   Axel  Sahlin,   Millom. 

General  Steel  Works  Practice, — Mr.  Enoch    James,  Wednes- 
bury. 

General  Economic  and  Industrial  Conditions, — Mr.  J.  Stephen 

Jeans,   London,  Secretary, 

The  proposal  was  warmly  supported  by  a  number  of 
the  leading  firms  in  the  trade,  who  have  all  along  manifested 
a  lively  interest  in  the  inquiry.  The  Commission  would 
have  been  numerically  stronger  than  it  was  but  for  the 
fact  that  certain  recognised  authorities  w'hom  it  was  deemed 
desirable  to  appoint  were  unable  to  accept  nominations  to 
act,  while  others  who  had  agreed  to  act  were  restrained 
irom  carr3qng  out  their  intentions  by  the  apprehension  that 
the  then  pending  strike  would  render  it  difficult  to  obtain  as 
satisfactory   a    knowledge    of    actual    conditions    as    would    be 
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possible  under  diflFerent  circumstances.  As  a  matter  of  fact, 
the  strike  was  practically  over  when  Mr.  Parkes,  Mr.  Sahlin, 
and  myself  reached  New  York  on  the  ist  of  October,  and 
there  was  little  readily  apparent  evidence  of  its  ever  having 
taken  place. 

For  private  reasons,  Mr.  Enoch  James,  who  undertook  to 
report  on  the  steel  industry  and  the  steel  manufacturing 
plants  of  the  United  States,  had  proceeded  thither  some  two 
months  before  the  other  members  of  the  Commission,  but 
he  was  aflForded  the  same  courteous  reception,  and  the  same 
ready  access  to  information,  as  were  given  to  his  colleagues 
on  the  Commission. 

Of  that  reception,  the  members  of  the  Commission  feel 
that  they  cannot  speak  without  such  a  sense  of  gratitude  and 
appreciation  as  it  would,  perhaps,  be  difficult  for  those  who 
have  not  enjoyed  similar  experiences  at  the  hands  of  our 
American  cousins  to  understand.  The  Hon.  Abram  S.  Hewitt 
told  the  members  of  the  Iron  and  Steel  Institute,  when  they 
were  the  guests  of  the  American  Iron  Industry  in  1890, 
that  they  would  find  the  latch-string  on  every  door.  We, 
who  were  not  invited  guests,  and  who  were  there  with  the 
avowed  purpose  of  appropriating  all  the  best  ideas  and 
systems  we  might  come  across  in  the  course  of  our 
wanderings,  had  exactly  the  same  experience — with  one  or 
two  exceptions  of  so  trifling  a  character  as  hardly  to  be 
deserving  of  notice.  Speaking  generally,  our  American  friends 
appeared  to  be  just  as  ready  to  impart  information  as  we 
were  glad  to  receive  it,  and  this  is  true,  not  of  managers 
of  iron  and  steel  works  alone,  but  of  those  engaged  in 
-allied  and  collateral  industries  as  well.  The  perfect  candour 
and  absence  of  reserve,  the  unqualified  readiness  with  which 
all  questions  were  answered,  the  unhesitating  consent  given 
to  applications  for  plans  and  illustrations,  and  the  unmis- 
takable friendliness  and  cordialit}'  of  our  reception,  made  it 
hard  to  believe  that  we  had   not  absolutely  identical  interests, 
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instead  of   being  keen  rivals   and   competitors  in  almost    every 
market. 

Directly  after  their  arrival  in  New  York,  the  Com- 
missioners were  afforded  the  opportunity  of  explaining  the 
object  of  their  mission  and  their  programme,  so  far  as  it 
had  been  formulated,  to  a  number  of  the  leading  men  con- 
nected with  the  American  Iron  Industry,  including  Mr.  C.  M, 
Schwab,  President  of  the  United  States  Steel  Corporation; 
Mr.  Geo.  G.  McMurtry,  President  of  the  American  Sheet  Steel 
Company;  Mr.  John  Fritz,  of  Bethlehem;  Mr.  Baldwin,  of 
the  Pennsylvania  Steel  Company ;  Mr.  Morgan,  the  well- 
known  manufacturing  engineer,  of  Worcester,  Massachusetts ; 
Mr.  Charles  Kirchhoff,  Editor  of  the  Iron  Ag€\  Mr.  W.  R. 
Webster,  of  Philadelphia;  Mr.  Colby,  of  the  Bethlehem  Steel 
Works,  etc.  The  whole  of  these  gentlemen  at  once  notified 
their  intention  to  do  everything  possible  to  forward  the 
purposes  of  our  mission.  Mr.  Schwab  gave  us  letters  to  the 
heads  of  the  various  departments  of  the  United  States  Steel 
Corporation,  and  also  to  the  superintendents  of  the  leading 
works  belonging  to  that  great  organisation,  directing  that 
all  information  should  be  afforded  to  us  that  had  ever  been 
given  to  anyone  outside  the  Corporation's  own  officials. 
During  our  stay  in  the  United  States,  the  same  courteous 
gentleman  more  than  once  intimated  that  we  had  only  to 
let    him    know    if   we    desired    further   facilities. 

In  some  respects,  indeed,  we  found  a  highly  intelligent 
and  far-seeing  recognition  of  the  fact  that  our  interests  are 
identical — in  the  methods  of  dealing  with  labour  and  with 
transportation  by  land  and  water ;  in  the  general  relations 
of  employers  and  employed ;  in  the  attainment  and  main- 
tenance of  the  highest  efficiency  in  mines  and  works ;  and 
in  the  organisation  of  means  for  the  successful  cultivation 
of  foreign  trade.  On  these  and  kindred  matters  we  always 
found    our    friends  ready   to   exchange   experiences  and   views. 

There  may,  in  consequence  ot  the  system  adopted   in  their 
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preparation,  be  found  an  inevitable  amount  of  duplication  in 
these  Reports.  To  allow  each  Commissioner  to  make  his 
own  Report  was  deemed  the  most  satisfactory  arrange- 
ment, and  each  Report  has  been  written  without  reference 
to  the  others,  except  in  regard  to  the  subjects  assigned  to 
each  Commissioner  in  the  original  scope  and  division  of  the 
enquiry.  It  will,  therefore,  be  understood  that  the  sole 
responsibility  for  the  Report  which  he  has  written  rests  upon 
each  Commissioner,  and  not  in  the  least  degree  upon  any  one 
of  his  colleagues. 

In  the  revision  of  this  Report  I  have  to  acknowledge  valuable 
aid  rendered  by  Mr.  Harold  Jeans,  Acting  Editor  of  the  Iron 
AND  Coal  Trades  Review,  whose  knowledge  of  the  industrial 
conditions  of  the  United  States,  gained  during  an  experience 
of  some  five  years  in  the  iron  trade  of  that  country,  has  enabled 
him  to  offer  important  suggestions,  and  supply  much  useful 
information. 

It  has  not  been  deemed  necessary  in  all  cases  to  give 
references  to  the  sources  whence  the  facts  and  diagrams  have 
been  gathered,  but  generally  it  may  here  be  acknowledged  that 
the  admirable  trade  and  technical  Press  of  the  United  States  has 
often  been  of  service  in  this  regard,  while  the  Reports  of  the 
Industrial  Commission,  and  of  the  American  Iron  and  Steel 
Association,  furnish  a  store-house  of  facts  that  have  been  ttd 
less  valuable. 

The  vastness  of  the  subject  assigned  to  the  Commission^ 
and  the  limited  time  available  for  the  production  of  these 
Reports — which  it  was  obviously  desirable  to  get  out  as 
soon  as  possible,  so  that  they  might  be  an  accurate  reflex 
of  actual  conditions — must  be  our  excuse  for  such  errors  and 
crudities   as  the    Reports    may    contain. 

J.   Stephen  Jeans,  Secretary  and  Editor. 
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ADDENDA  AND  CORRIGENDA. 


Pa*jc  12,  line  13  from  bottom,  for  **  avcrai^c  coke  consumption," 
read  **  best  coke  consumption,"  the  average  bein<^  about  1,900  lbs.; 
line  II,  for  "70,000  per  lb.  of  coke"  read  "70  cul)ic  feet  of  air  per 
lb.  of  coke." 

I*a^e   197,  line  2^^  for  "arrived  at"  read  "aimed  at." 

Tat^e  201,  line  20,  for  "  12,000-h.p."  read  "  1,200-h.p." 

Resources  of  U.S.   Steel  Corporation. 

As  rej^ards  the  resources  of  the  L'nited  States  Steel  Corporation, 
Mr.  Schwab,  in  a  communication  dated  May  26th,  1902,  has  intimated 
that  tlie  Corporation  now  control  1,200  miles  of  railway,  and  possess 
112  ore-carryini^  vessels,  with  a  combined  capacity  of  9,500,000  ton<. 

L'p-to-date  information  as  to  the  cokin<^  resources  of  the  Corpora- 
tion, furnished  by  Mr.  Thomas  Lynch,  president  of  the  I*Vick  Coke 
Company,  shows  that  there  are  21,500  ovens  in  the  Connellsville 
field  proper,  of  which  the  Corporation  own  14,500,  in  addition  to 
2,894  ovens  ownetl  and  3,000  more  cwntrolled  in  other  districts.  The 
total  coal  area  owned  by  the  Corporation  in  the  Connellsville  and 
Lower  Connellsville  re<;ions  is  about  55,000  acres,  and  the  total  area 
owned  by  other  operators  throut^hout  these  regions  is  over  5,000 
acr'.\s. 
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CHAPTER    I. 

Recent  Progrress. 

The  Board  of  Management  of  the  British  Iron  Trade  Association 
having  assigned  to  me  the  duty  of  preparing  a  General  Report  on  the 
subjects  investigated  by  its  Industrial  Commission,  I  have  naturally  to 
cover  a  wider  field  than  any  of  my  colleagues.  Hence,  I  made  it  my 
business  while  in  the  United  States  to  obtain  as  comprehensive  a  know- 
ledge as  possible  of  the  matters  dealt  with  in  these  pages.  For  this 
purpose  I  visited  about  27  different  works  in  and  around  the  principal 
iron-making  and  engineering  centres,  including  Pittsburg,  Philadelphia, 
McKeesport,  Cleveland  (Ohio),  Youngstown,  Coatesville,  Birmingham 
(Ala.),  and  elsewhere.  Time  did  not  allow  me  to  visit  Chicago.  I  had 
to  choose  between  Chicago  and  Birmingham  (Ala.),  and  I  deemed 
the  latter  the  more  important  centre  from  the  point  of  view  of  future 
competition. 

For  all  practical  purposes,  we  should  probably  not  greatly  err  in 
assuming  that  the  modern  history  of  the  American  iron  industry,  in 
so  far  as  it  is  of  interest  to  other  countries,  and  is  calculated  to  affect 
the  future  place  of  the  United  States  in  the  markets  of  the  world,  did 
not  b^in  until  about  the  year  1887.  It  is  true  that  previous  to  that 
year  large  and  rapid  progress  had  been  made  in  certain  individual 
establishments,  and  some  remarkable  outputs  had  been  obtained  alike 
in  blast  furnaces  and  rail-mills,  but  the  production  of  pig-iron  had  neyer 
in  any  one  year  reached  six  million  tons,  nor  had  the  output  of  steel 
got  much  beyond  one-fourth  of  what  it  was  in  the  year  1900. 
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In  the  five  years  ending  with  1890,  the  output  of  pig-iron  in  the 
United  States  increased  by  63  per  cent.,  and  the  output  of  steel  by 
about  150  per  cent.  This  was  the  first  period  of  very  rapid  growth. 
When  the  Iron  and  Steel  Institute  visited  the  United  States  in  1890, 
the  country  was  on  the  crest  of  a  wave  of  exceptional  prosperity — 
one  of  those  periods  of  extreme  and  rapid  advance  that  only  appear 
to  be  enjoyed  by  industrial  nations  two  or  three  times  in  a  generation. 
The  output  of  pig-iron  had,  for  the  first  time  in  the  history  of  that 
industry,  exceeded  that  of  Great  Britain.  The  Southern  States  had 
begun  to  produce  pig- iron  on  a  relatively  large  scale,  and  throughout 
Kentucky,  Alabama,  Tennessee,  Georgia,  and  Virginia,  one  heard  only 
of  the  splendid  future  that  lay  before  the  iron  and  steel  industries. 
The  McKinley  Tariff  opened  up  to  home  manufacturers  the  prospect 
of  the  establishment  of  new  branches  of  the  trade,  as  well  as  that 
of  the  expansion  and  consolidation  of  the  trade  already  secured. 
Plans  were  being  projected  for  new  enterprises  on  a  scale  of  great 
magnitude,  under  the  impression  that  the  "  manifest  destiny  "  of  the 
States  was  to  continue  its  career  of  rapid  development  and  unalloyed 
prosperity. 

Special  Reasons  for  Economy. 

In  the  course  of  my  inquiries  I  found  that,  apart  from  the 
general  tendency  of  the  engineers  and  other  sections  of  the  com- 
munity in  the  United  States  to  design  and  contrive,  wherever  possible, 
with  a  view  to  the  economy  of  labour,  there  were  special  reasons  for 
the  remarkable  development  of  labour-saving  methods  and  appliances 
between  the  years  1892  and  1896  which  are  entitled  to  consideration, 
as  pointing  to  possible  movements  of  a  similar  character  in  our  own 
or  other  countries. 

In  common  with  the  rest  of  the  iron-making  world,  the  United 
States  passed  through  a  period  of  almost  unexampled  difficulty 
during  the  years  mentioned.  Prices  fell  to  a  lower  point  than  had 
ever  before  been  known  in  the  history  of  American  industry.  The 
natural  enterprise  of  the  American  iron-making  community  was  over- 
done. At  no  previous  period  had  so  many  new  plants  been  brought 
into  operation  as  in  the  years  1888  to  1893.  The  evolution  of 
methods  for  the  cheapening  of  production  had  caused  a  glut  of  all 
descriptions  of  iron  and  steel.  Electricity  had  here  and  there  been 
applied  to  the  various  departments  of  their  manufacture  with  notable 
results.  Plants  for  the  production  of  pig-iron,  finished  iron,  and 
finished  steel  had  been  extended  and  increased  to  such  an  extent 
that  the  resources  of  production  were  largely  in  excess  of  the  actual 
or  likely  demands.  The  confusion  thus  introduced  was  materially 
» added  to  by  the  opening  up  of  new  iron  ore  fields,  and  especially 
of  the  Mesaba  range,  which  tended  to  revolutionise  the  costs  of 
production.  The  discovery  and  exploitation  on  a  practical  scale  of 
this  field  took  place  only  in  the  year  1892,  and  steps  were  almost 
immediately  taken  to  ensure  a  large  output  of  what  was  then 
deemed,  and  probably  with  good  reason,  to  be  the  cheapest 
ore  hitherto  worked  in   the  history   of  the   iron  trade.     How  cheap 
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this  ore  is  compared  with   other  competitive  supplies  is  dealt   with 
elsewhere. 

Besides  the  influences  that  operated  from  within  to  create  depres- 
sion and  confusion  in  the  iron  trade  of  the  United  States,  there 
were  hardly  less  potent  influences  acting  from  without.  One  of 
the  most  obvious  and  powerful  of  these  was  the  uncertaitxty  as  to 
the  future  of  the  Tariff,  and  the  fact  that  within  five  or  six  years 
there  had  been  a  number  of  attempts  at  tarifl*-tinkering.  This  is  at 
all  times  a  bar  to  prosperous  trade,  as  it  aflects  consumers,  mer- 
chants, and  manufacturers  in  their  several  ways,  but  in  each  case 
in  such  a  manner  as  to  restrict  demand  and  reduce  confidence. 
There  was,  moreover,  at  that  time,  a  rapid  fall  in  the  price  of 
silver,  which  naturally  tended  to  unsteady  values  and  restrict  the 
demands  of  silver-using  countries.  These  conditions  were  more  or 
less  common  to  all  countries.  The  United  States,  however,  suffered 
from  the  special  cause  of  having  the  silver  question  raised  as  a 
national  issue,  and  from  having  a  party  of  unknown  influence  and 
usMiscertained  resources  pledged  to  insist  on  the  currency  of  the 
country  being  established  on  a  silver  basis. 

Still  other  potent  causes  contributed  to  the  serious  depression  of 
the  period  in  question,  including,  in  the  United  States  in  par- 
ticular, the  adverse  circumstances  of  the  majority  of  the  railroads 
of  the  United  States,  which  destroyed  confidence  in  American 
railroads  as  investments,  and  restricted  their  development ;  the  vast 
increase  in  the  available  supply  of  bread-stuff's,  which  tended  to  reduce 
agricultural  values,  and  to  leave  agriculturists  in  a  position  which  did 
not  admit  of  their  making  purchases  of  machinery,  etc.,  on  a  .large 
scale ;  and  the  collapse  of  numerous  projects  for  the  booming  of  new 
towns  in  which  considerable  capital  had  been  invested,  causing  the 
loss  of  large  sums  of  money,  and  discrediting  further  speculation 
and  investment  in  this  direction.  Finally,  there  can  be  little  doubt 
that  in  the  United  States,  as  elsewhere,  the  financial  crisis  which 
followed  the  Baring  failure  had  a  depressing  and  discouraging  effect, 
and  led  many  British  investors  to  withdraw  from  American 
securities,  whereby  the  gold  reserves  of  the  country  were  greatly 
reduced. 

These  and  kindred  movements  were  in  the  end  counteracted  by 
a  considerable  revival  of  demand,  which  increased,  in  the  nine  years 
ending  1899,  the  output  of  iron  ore  from  14J  to  24J  million  tons ;  the 
output  of  pig-iron  from  less  than  8^  million  tons  in  1891  to  more 
than  13  J  million  tons  in  1899 ;  and  the  output  of  steel  from  less  than 
four   million   tons    in    1891    to  more   than    loj   million  tons  in    1899. 

Over  the  whole  of  this  period,  every  branch  of  the  American  iron 
trade  was  in  a  state  of  high  tension.  Cheaper  production  was  the 
universal  watchword.  At  mines,  at  blast  furnaces,  at  steel  works, 
in  engineering  shop.s,  in  foundries,  in  locomotive  works,  and  in  all 
other  departments,  the  progress  made  was  phenomenal.  So  also 
were  the  reductions  in  the  cost  of  transport,  both  by  land  and 
water,  the  increase  in  the  efficiency  of  labour,  the  activity  shown  in 
the  building  up  of  an  export  trade,  and  other  features  of  organisa- 
tion and  operation  hereafter  referred  to. 

H   2 


4  AMERICAN    INDUSTRIAL  CONDITIONS. 

Elements  off   the   Inquiry. 

The  cost  of  production  of  iron  and  steel,  which  is  the  basis  of  this 
inquiry,  is  made  up  of  three  main  elements — raw  materials,  labour, 
an4  transportation.  No  one  of  these  matters  can  properly  be  dealt 
with  unless  in  relation  to  the  others.  Raw  materials,  however  cheap 
and  abundant,  are  of  little  value  as  a  basis  of  industrial  prosperity 
without  cheap  transport  and  labour  at  a  reasonable  cost.  Similarly, 
cheap  labour  is  of  little  value  without  adequate  supplies  of  raw 
materials  of  the  right  kind,  plus  a  reasonable  rate  of  charge  for 
transport. 

The  inter-relation  of  these  three  subjects  has  made  it  necessary  to 
devote  much  space  to  all  three  of  them  in  this  Report.  Labour  is 
perhaps  the  most  fundamental  of  the  trio,  because  in  one  form  or 
another  the  ultimate  cost  of  all  commodities  is  mainly  that  of  labour. 
In  the  United  States,  paradoxical  as  it  may  appear,  we  have  to  face 
conditions  that  make  at  once  the  dearest  and  the  cheapest  labour  that 
is  probably  to  be  found  in  any  part  of  the  world — the  dearest  in  respect 
of  nominal  remuneration  ;  the  cheapest  in  respect  of  industrial  and 
economic  results.  The  following  pages  will  necessarily  be  largely 
devoted  to  an  explanation  of  this  apparent  paradox.  It  is  their 
purpose  to  demonstrate  how  American  ironmasters  and  engineers 
have  been  able  to  so  discipline  and  apply  the  labour  at  their  command, 
as  to  reconcile  high  wages  with  cheap  production  in  a  degree  not 
hitherto  attained  elsewhere. 

There  is  a  prevalent  impression  in  the  United  Kingdom  that  the 
American  iron  industry  has  reached  its  present  vast  proportions,  and 
has  been  able  to  make  extraordinary  progress  both  at  home  and 
abroad,  mainly  as  a  result  of  the  cheap  railroad  and  lake  rates  of 
freight  which  railways  and  shipping  companies  have  placed  at  its 
disposal.  It  has  seemed  desirable  to  deal  with  this  matter  at  con- 
siderable length,  and  it  will  hardly  be  questioned  that  the  space  so 
occupied  is  well  filled.  No  American  precept  or  example  can  safely 
be  ignored  in  these  days  of  stress  and  strain,  and  when  it  is  proved 
that  the  average  ton-mile  rate  charged  for  the  transport  of  mineral 
traffic  is  not  more  than  one-third  of  that  paid  in  Great  Britain,  it 
is  natural  that  British  ironmasters  should  feel  that  there  is  need  for 
a  change,  although  they  may  be  uncertain  as  to  how  that  change 
can  best  be  brought  about. 

The  evidence  here  collected  and  published  as  to  the  resources  of  the 
United  States  in  raw  materials  shows  in  the  most  unmistakeable 
manner  that  the  mineral  riches  of  that  country  are  phenomenal,  alike 
in  quantity,  in  quality,  and  in  cost.  Not  only  is  this  true  of  one  or 
two  districts,  and  notably  of  the  iron  ore  ranges  of  Lake  Superior, 
and  the  coking  coal  district  of  Connellsville,  but  it  also  applies  to  the 
general  economic  conditions  of  the  country — so  much  so,  that  it  is  diffi- 
cult to  undertake  a  journey  in  any  direction  without  learning  of  the 
discovery  and  application  of  some  new  addition  to  the  already 
ascertained  sources  of  supply. 

The  Tariffs  of  the  United  States  have  demanded,  and  have  received 
a  great  deal   of  consideration    from   European   countries — from  some 
with  a  view  to   the   adoption,  and   from  others  with   a  view   to   the 
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rejection  of  their  example.  In  no  country  has  Protection  been  adopted 
in  such  a  whole-souled  manner.  In  no  other  countr>'  have  the 
Shibboleths  of  Free  Trade  been  more  emphatically  held  at  arm's  length. 
It  has  been  deemed  desirable  to  deal  at  some  length  with  this  matter, 
in  view  not  only  of  what  has  happened  in  the  past,  but  also  because 
of  the  possibilities  of  the  future. 

And  as  with  the  Tariff,  so  with  the  Consolidation,  or  so-called 
Trust,  movements,  which  have  occupico  so  large  a  space  in  the  public 
mind  during  the  last  two  or  three  years,  and  more  especially  since 
the  establishment  of  the  United  States  Steel  Corporation  in  February 
of  igoi.  The  Commissioners  naturally  found  that  the  influence  of 
the  Corporation  was  almost  all-pervading  in  certain  districts,  and  that 
its  future  policy  and  its  financial  issues  were  regarded  from  very 
different  aspects,  and  with  very  different  ideas,  by  different  observers. 
The  United  States  Steel  Corporation,  in  the  opinion  of  the  majority, 
has  come  to  stay.  As  it  controlled  nearly  two-thirds  of  the  total  iron 
ore,  coke,  pig-iron,  and  steel  capacities  of  the  United  States  at  the 
time  of  its  organisation,  it  is  natural  that  it  should  be  looked  to  as  the 
leader  of  all  movements  of  prices  and  wages,  and  the  prominent  part 
which  it  took  in  the  settlement  of  the  important  labour  dispute  of  1901, 
supplied  an  evidence,  if  any  were  needed,  that  it  means  to  use  its  power 
and  influence  when  occasion  demands  that  it  should  do  so.  At  the 
same  time,  there  is  reason  to  believe  that  its  power  is  not  relatively 
increasing — in  other  words,  that  the  production  of  iron  and  steel 
controlled  hy  independent  concerns,  or  likely  to  be  so  in  the  near 
future  is,  or  will  be,  greater  than  that  at  the  time  of  the  consolidation. 

It  is  natural  that  both  here  and  on  the  other  side  of  the  Atlantic 
the  vast  influence  and  the  commanding  position  secured  by  the 
United  States  Steel  Corporation  should  have  induced  a  degree  of 
apprehension  lest  smaller  plants  may  be  swamped,  and  both  production 
and  price  become  largely  a  matter  of  monopoly.  This  is  not,  however, 
the  opinion  of  the  best-informed  and  most  far-seeing  men  with  whom 
I  have  had  the  opportunity  of  discussing  the  situation  in  the  United 
States.  That  private  enterprise  in  that  country  is  not  afraid  of  the 
Steel  Corporation  is  made  evident  by  the  unprecedented  activity  that 
is  being  displayed  in  the  establishment  of  new  independent  plants 
while  I  write.  In  every  part  of  the  United  States  plants  are  entering 
the  lists  to  compete  against  the  Steel  Corporation,  and  the  capacity 
of  the  private  plants  opposed  to  it  to-day  is  probably  considerably 
greater  than  it  was  at  the  time  it  was  founded,  although  that  was 
only  February,  1901.  A  recent  writer  has  accurately  noted  that  smalt 
plants,  well  located  and  economically  managed,  are  remarkably  tena- 
cious of  life.  It  has  also  been  observed  that  the  best  returns  on 
American  capital  during  the  period  known  as  the  "lean  years"  were 
not  generally  those  of  the  largest  enterprises,  but  those  of  a  few 
smaller  firms,  and  those  in  some  cases  outside  the  range  of  what  are 
known  as  "  the  cheap  centres."  So  far  as  present  appearances  are  to 
be  trusted,  the  Steel  Corporation  is  likely  to  make  things  much  more 
easy  for  the  smaller  independent  concerns  by  keeping  up  values,  as 
they  have  hitherto  shown  a  tendency  to  do,  alike  in  raw  materials  and 
in  finished  products,  and  so  long  as  this  system   is   followed  the  iron 
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trade  of  Europe  may  escape  the  worst  features  of  the  so-called  American 
invasion. 

Pis:-lron    Conditions. 

The  cost  of  the  conditions  of  manufacturing  pig-iron  have  received 
much  attention,  but  no  one  is  likely  to  think  too  much,  in  the  course 
of  this  Report  The  latest  and  the  most  advanced  types  of  the  blast 
furnaces  in  the  world  have  been  described  ^nd  illustrated  in  the  com- 
prehensive report  of  Mr.  Axel  Sahlin,  together  with  the  accessory 
plant  and  equipment  in  each  case,  embracing  blowing  engines,  stoves, 
special  plant  for  the  handling  of  materials,  and  other  features  of 
American  engineering  and  blast  furnace  practice.  Those  who  read 
between  the  lines  will  have  little  difficulty  in  understanding  how  it  has 
come  about  that  the  typical  American  blast  furnace  of  to-day,  using 
Lake  Superior  ores  and  Connellsville  coke,  is  able  to  produce 
an  average  of  nearly,  and,  in  some  cases,  in  excess  of,  500 
tons  of  pig-iron  per  day,  when  the  averj^e  output  of  ten 
years  ago  did  not  much  exceed  one-half  of  that  quantity,  even  in 
the  most  efficient  plants.  No  attempt  has  been  made  to  discuss  the 
knotty  points  involved  in  the  old  controversy  of  the  comparative 
economy  of  "  a  short  life  and  a  merry  one,"  but  it  will  be  apparent 
that  when  blast  furnaces  endure  a  "  campaign  "  of  over  a  million  tons 
before  re-lining — as  is  now  not  uncommon  in  American  practice — 
the  short  life  is  not  incompatible  with  a  useful  and  relatively  satis- 
factory career. 

Such  information  as  has  been  vouchsafed  on  the  cost  of  produc- 
tion, and  such  further  knowledge  as  has  been  gathered  from  a  compari- 
son of  the  costs  and  conditions  of  supply  of  raw  materials,  labour,  and 
transport,  appears  to  point  to  a  lower  cost  for  producing  pig-iron,  both 
in  the  Middle  and  the  Southern  States,  than  we  are  usually  accustomed 
to  in  Great  Britain.  It  is,  however,  not  much  more  than  a  year  ago 
since  Sir  Lowthian  Bell*  declared  that  the  final  cost  of  the  materials 
consumed  for  the  production  of  a  ton  of  pig-iron  at  Pittsburg  and  at 
Middlesbrough  (North  Yorkshire)  respectively,  "may  be  regarded 
as  alniost  identical,"  and  he  declared  himself  to  be  "  sceptical  as  to  the 
extent  of  the  advantages  claimed  for  the  Pittsburg  works,"  basing  his 
statement  on  his  recollection  of  the  conditions  of  ten  years  ago,  when 
he  found  as  regards  the  minerals  of  the  United  States  that  **  the  ore 
mines  near  the  lake  district  are  1,100  miles  from  Pittsburg,  the  coke  works 
at  Connellsville  are  130  miles  from  the  blast  furnaces,  which,  worked 
out,  gives  an  average  of  ttj  miles.  The  cost  of  transport,  based  on  the 
information  I  possess,  gives  i6s.  6d.  on  the  ton  of  pig-iron."  There  are 
probably  but  few  cases  where  the  distance  from  mines  to  furnaces 
is  1,100  miles,  while  there  arc  still  fewer  where  Connellsville  coke  is 
130  miles  from  Pittsburg. 

Population  and  Pis:-lron. 

An  essential  consideration  attached  to  such  an  inquiry  as  this  is 
that  of  how  far  there  is  a  prospect  of  a  glut,  and  a  consequent  fall 
of  prices,  following  upon  the  recent   and   current    abnormal   activity. 

•  Presidenial  address  to  the  Institution  of  Junior  Engineers. 
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Perhaps  the  best  test  to  apply  to  this  problem  is  the  increase  of 
per  capita  consumption  from  period  to  period.  In  1867,  Mr. 
Abram  S.  Hewitt  computed  the  population  of  the  world  at 
1,000  millions,  and  the  consumption  of  iron  at  20  lbs.  per  capita  per 
annum.  In  1900,  the  population  of  the  world  was  probably 
1,200  millions,  and  the  total  consumption  of  iron  in  the  form  of  pig 
was  over  42  million  tons,  \^ich  gives  an  averajje  per  capita  con- 
sumption for  the  year  of  close  on  80  lbs.,  or  four  times  the  average 
consumption  34  years  ago.  In  this  remarkable  advance  there  is 
good  cause  for  being  hopeful,  if  not  confident,  as  to  the  scope  that 
exists'  for  the  continued  development  of  the  iron  industry  in  the 
time  to  come — the  more  so  that  some  countries,  and  notably  the 
United  States,  are  approaching  400  lbs.  per  capita  per  annum,  or 
five  times  the  jgeneral  average  of  mankind.  Indeed,  some  statistical 
authorities,  Who  have  investigated  the  relation  of  population  to  pig- 
iron  .supply,  have  reached  the  conclusion  that  in  a  few  years  time 
there  will  be  a  danger  of  famine,  unless  new  and  hitherto  un- 
developed sources  of  supply  are  opened  up,  and  Mr.  C.  M.  Schwab 
recently  expressed  the  opinion  that  steel  has  many  worlds  yet  to 
conquer  and  will  come  into  use  for  an  ever-increasing  variety 
of  purposes  in  the  future. 

Spanish  and  Lake  Superior  Ore  Freigrhts. 

A  considerable  amount  of  attention  is  given  to  the  remarkable 
conditions  which  have  enabled  the  iron  ore  traffic  of  the  Great 
Lakes  to  provide  a  notable  example  of  the  cheapest  water  transport 
on  an  equally  large  scale  in  the  world.  The  cost  of  the  carriage  of 
iron  ore  from  the  head  of  Lake  Superior  to  Cleveland,  on  Lake 
Erie,  was,  in  1898,  not  much  over  2s.  per  ton,  and  Mr.  Colby,  of  the  Colby 
Mines,  on  Lake  Superior,  and  of  the  Whaleback  Steamship  Company — 
by  which  much  of  this  work  was  done — has  certified,  before  a  con- 
ference of  the  British  Iron  Trade  Association,  that  this  work  was 
done  at  a  profit  at  that  figure.  The  lowest  freight  hitherto  charged 
for  the  carriage  of  iron  ore  from  Bilbao  to  Cardiff  or  Middlesbrough 
in  large  bylk  is  4s.  6d.  per  ton,  which  is  fully  100  per  cent,  more 
than  the  American  lake  rate  for  about  a  hundred  miles  longer  dis- 
tance. A  greater  difference  than  this,  however,  more  usually  obtains. 
The  more  normal  Bilbao-Cardiff  rate  is  nearer  6s.  than  4s.  6d.  It 
is  only  fair  to  add  that  the  rate  of  2s.  to  2s.  6d.  quoted  on  the 
Great  Lakes  is  an  abnormally  low  one,  but  still  it  shows  clearly 
enough  what  can  be  done.  British  traders  have  to  learn  how  to 
.secure  equally  low  sea  freights,  distance   for  distance. 

The  Permanent  Standard  off  American  Prices. 

In  all  inquiries  into  the  future  of  American  conditions  and 
competition,  a  que.stion  of  fundamental  importance  is  that  of  whether  the 
prices  of  the  period  1894-98  or  those  of  a  more  recent  time  arc  the  more 
likely  to  be  normal  and  permanent?  Some  hold  that  the  prices 
of  the  years  ending  with  1898  were  not  natural — that  with  90  cents 
a  day  for  12  hours'  work,  railway  rates  that  did  not  cover  expenses. 
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mineral  royalties  that  were  practically  abandoned,  and  an  immense 
shrinkage  in  the  values  of  all  iron  and  steel  properties,  conditions  could 
not  ht  normal^  ialthough  these  things  are  declared  to  have  been  essential 
to  the  maintenance  of  6-dollar  pig  in  Alabama,  aifd  17-dollar 
rails  at  Pittsburg.  There  can  be  no  doubt  that  in  the  United  States, 
as  in  Great  Britain,  the  serious  depreciation  of  values  in  those  years 
caused  capital  to  flee  the  iron  trade,  and  created  a  struggle  for  bare 
existence.  It  was  the  same  with  coal  properties,  which  gave  to  the 
Pittsburg,  furnaces  90-cent  coke  over  many  months,  a  thing  which,  it 
ts  emphatically  declared  by  men  who  ought  to  know,  they  are  never 
likely  to  enjoy  again.  The  Steel  Corporation,  it  must  be  kept  in  mind, 
now  supplies  a  mechanism  for  steadying  values  which  has  never  before 
existed.  That  great  organisation  is  fully  aware  of  the  ultimate  value 
of  its  resources  in  raw  materials  and  otherwise,  and  is  not  likely,  under 
pressure  of  panic  or  financial  stringency,  to  part  with  its  property  in 
any  shape  or  form  for  less  than  its  normal  value. 

Labour  Conditions. 

The  conditions  of  labour  in  the  United  States  is  another  matter  that 
has  received  a  good  deal  of  attention,  as  being  fundamental  in  the 
progress  of  American  industries,  if  not  also  in  the  relative  progress  of 
some  of  our  own.  The  influence  of  trade  unionism  is  not  nearly  so 
strong  nor  so  aggressive  in  the  United  States  as  in  Great  Britain. 
The  reason  is  largely  capable  of  mathematical  demonstration.  A 
recent  Report  by  the  New  York  Department  of  Labour  shows  that 
while  in  Great  Britain  at  a  recent  date  there  were  1,905,000  trade 
unionists,  there  were  only  1,600,000  in  the  United  States  and  Canada 
for  about  twice  the  population,  while  Germany  is  credited  with 
995,000,  or  about  one-half  the  British  figure.  The  trade  union  is 
not  generally  recognised  as  a  militant  force  in  the  United  States, 
except  now  and  again.  Few  employers  are  ready  to  acknowledge  that 
it  has  any  influence  worth  naming. 

The  almost  absolute  freedom  of  labour  has  been  the  chief  instru- 
ment whereby  it  has  won  such  conquests  in  the  field  of  industrial 
economy  during  the  last  quarter  of  a  century.  In  all  countries 
industrial  processes  have  been  greatly  cheapened  during  that 
period,  but  in  America  the  cheapening  appears  to  have  been 
carried  farther  than  anywhere  else.  According  to  figures  recently 
made  public  by  Mr.  William  Garrett,  a  rail  roller  in  an  up-to- 
date  rail  mill  is  paid  less  than  one  cent  per  ton  for  rolling, 
against  15  cents  at  a  not  very  remote  date.  Within  that  time,  again, 
a  \vire  rod  roller  has  seen  his  earnings  per  ton  reduced  from  2  dols. 
12  cents  (8s.  lod.)  to  12  cents  (6d.)  per  ton,  and  yet  he  earns  larger 
wages  at  the  lower  figure,  while  5  cents  (2id.)  are  paid  to-day 
for  heating  billets  to  make  wire  rods,  against  80  cents  (3s.  4d.) 
during  the  period  referred  to.  **  If  rod  rollers,"  says  Mr.  Garrett, 
"were  to  receive  the  same  wages  per  ton  that  they  did  twenty  years 
ago,  they  would  earn  424  dols.  (i^88)  per  day." 

The  average  output  per  worker  has  in  all  cases  been  increased  enor- 
mously. At  the  nine  Edgar-Thomson  blast  furnaces,  I  was  told  that 
1^600    men    are    employed    for   an    output   of  24,500   tons  per  week^ 
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including  all  the  hands  employed  in  handling  and  stocking  raw 
materials,  transport,  etc.  This  gives  an  average  of  15*3  tons  of 
pig  per  man  per  week,  or  795^  tons  per  man  per  annum.  The 
minimum  wage  paid  at  the  blast  furnaces  is  150  dols*  (6s.  3d.)  per 
day  of  12  hours.  1  did  not  get  the  average  wage  paid  at  these  works, 
but  Mr.  A.  C  Dinkey,  the  manager  of  the  Homestead  Works,  recently 
testified  that  the  average  earnings  of  the  workmen  there,  excluding 
officials,  is  2  dols.  Ti  cents  per  day  (us.  3d.),  while  the  earnings  of 
rollers  and  heaters  rise  to  1 5  dols.  (62s.  6d.)  per  day.  Wages,  in  short, 
are  generally  so  good,  and  the  men  have  their  futures  so  much  in  their 
own  hands,  that  they  have  every  encouragement  to  do  the  best  they  can 
both  for  their  employers  and  for  themselves. 

The  human  factor  and  the  personal  equation  appear  to  count  in  the 
United  States  for  more  than  they  generally  do  in  Europe.  Workmen 
appear  to  enjoy  a  larger  measure  of  independence,  based  on  the 
knowledge  of  the  fact  that  work  is  more  easy  to  obtain  than  in  older 
countries,  that  they  are  able,  as  a  rule,  to  save  money,  and  are,  therefore, 
less  dependent  than  when  living,  as  is  not  unusual  in  Europe,  from  hand 
to  mouth,  and  that  they  are  living  under  a  political  regime  which  is 
founded  on  democratic  principles. 

Two  features  of  the  relations  of  employers  and  employed  may  be 
named  as  exercising  a  powerful  influence  on  the  amity  of  their 
connection — the  first,  the  encouragement  and  reward  of  workmen's 
inventions,  and  the  second,  the  readiness  with  which  workmen  of 
exceptional  capacity  can  themselves  become  employers  and  capitalists. 

Foremen. 

It  is  the  invariable  custom  in  the  United  States  for  the  foreman 
to  be  appointed  by  the  firm,  and,  in  the  vast  majority  of  cases,  he  is 
taken  from  the  ranks  of  the  workmen.  He  is  paid  in  all  cases  a 
fixed  wage,  which  is  usually  based  on  a  certain  percentage  in  excess 
of  the  wages  of  the  ordinary  artisan.  In  an  ordinary  engineering 
shop  there  will  generally  be  one  foreman  for  each  50  to  80  workmen. 

It  is,  of  course,  the  general  business  of  the  foreman  to  set  the 
workman  his  allotted  work,  to  see  that  it  is  properly  done  within  the 
proper  time,  to  regulate  the  piece  work  prices — of  which,  in  a  large 
factory  like  the  Baldwin  Locomotive  Works,  there  are  some 
thousands — to  consult  with  the  workmen  as  to  cases  of  doubt  or  difficulty, 
and  either  to  engage  and  discharge  men,  or  advise  the  employers 
thereon. 

A  prominent  member  of  the  trade  had  written  me,  previous  to  my 
departure,  a  letter,  in  which  he  suggested  the  probable  advantages  of 
sending  out  the  leaders  of  British  steel  melters,  rolling  mill  hands,  and 
working  engineers,  **  that  they  may  see  how  differently  works  are 
operat^  in  the  United  States  ;  and  I  think,"  he  added,  "  that  if  some  of 
our  foremen  in  the  different  departments  also  went,  it  would  be 
beneficial." 

This  I  believe  to  be  part  of  the  scheme  that  has  since  been 
formulated  by  Mr.  Alfred  Mosley,  C.M.G.,who,  in  a  recent  conversation 
that  I  had  with  him  relative  to  this  matter,  informed  me  that  he 
attached  much  importance  to  foremen  and  workmen  getting  correct 
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ideas  of  the  progress  being  made,  and  the  distinguishing  conditions  that 
prevail,  in  the  industries  of  the  United  States  generally.  Of  course,  the* 
typical  American  foreman,  while  he  has  been  selected,  as  a  rule,  from 
the  rank  and  file,  knows  perfectly  well  that  his  success  or  failure  will  be 
determined  by  the  results  of  his  own  capacity  and  enterprise.  He  also 
knows  that  if  his  success  is  pronounced  he  stands  an  excellent  chance,, 
in  the  majority  of  cases  at  any  rate,  of  being  rapidly  advanced,  and 
that  he  may  even  hope  to  be  asked  to  accept  a  partnership.  Apart 
from  the  considerations  that  ordinarily  weigh  with  the  British  foremen 
in  the  inspiring  of  confidence  and  taking  care  of  themselves,  the 
American  foreman  knows  that  if  he  does  better  than  his  fellows  in  reduc- 
ing the  cost  and  increasing  the  volume  of  work,  in  methodising  the 
conditions  of  production,  and  in  stimulating  and,  if  necessary,  educating 
the  workmen,  to  excel,  he  is  usually  certain  of  a  special  reward  of 
some  sort. 

-      .  Hwmrs  of  Work. 

At  most  of  the  leading  works  engaged  in  the  production  of  iron 
and  steel  in  the  United  States,  the  shift  or  turn  varies  from  ten  to  twelve 
hours,  but  in  a  few  cases  three  eight-hour  shifts  have  been  successfully 
introduced.  The  most  notable  example  of  an  eight-hours  shift  on  a 
large  scale  I  found  at  Vandergrift,  where  the  custom  is  to  begin  the  first 
shift  at  midnight  and  end  it  at  8  a.m. ;  the  second  shift  begins  at  8  a.m. 
and  ends  at  4  p.m. ;  and  the  third  shift  lasts  from  4  p.m.  till  midnight 
again.  The  night  shift  on  Saturday  ends  at  8  a.m.,  and  the  remainder 
of  the  day  is  devoted  to  changing  rolls,  executing  necessary  repairs, 
cleaning  the  mill  pits,  and  doing  other  work  tending  to  keep  the  plant  in 
good  order,  and  to  obviate  the  need  for  closing  every  few  months  to 
carry  out  repairs. 

At  the  Baldwin  Locomotive  Works  Mr.  Vauclain  informed  me  that 
an  average  of  twenty-three  hours  per  day  is  the  rule — divisible  into 
shifts  of  ten  hours  in  the  day,  and  thirteen  hours  at  night.  The  night 
hands  go  on  at  6  p.m.,  and  take  up  the  work  where  the  day  hands 
leave  off. 

Generally  speaking,  the  American  workman  works  for  ten  hours 
per  day  in  engineering  works  and  factories,  while  in  mines  he  is  limited 
by  custom  to  about  nine  hours  ;  but  there  arc  no  statutory  enactments 
on  the  subject,  and  the  practice  varies  according  to  the  locality  and  the 
character  of  the  work. 

Scale  off  Operations. 

The  vast  scale  of  operations  is  a  feature  of  American  works  that 
cannot  be  paralleled  elsewhere.  As  an  example,  the  Homestead  Steel 
Works  may  be  named,  which,  with  the  Carrie  furnaces  and  the  Howard 
Axle  Works — which  are  practically  the  same  works,  although  different 
plants — paid  in  December  last,  something  like  ;£^  100,000  for  two  weeks'" 
pay,  which  is  at  the  rate  of  ;^2400,ooo  a  year  for  wages  alone.  The 
total  number  of  hands  employed  at  Homestead,  similarly  defined,  is 
over  7,000,  and  the  capacity  of  output  of  steel  is  something  like 
2,000,000  tons  a  year.  One  individual  customer  takes  more  than 
1,000  tons  a  day  of  this  output.  All  the  other  operations  are  on  a 
similarly  colossal  scale.     This  fact  enables  the  management  to  spread 
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Standing  charges  over  a  large  output  in  such  a  manner  as  to  bring  them 
down  to  a  percentage  of  total  cost  of  which  probably  no  European 
works  has  any  experience. 

The  Strenuousness  off  Labour. 

One  of  tile  notable  characteristics  of  the  principal  cities  and  in- 
dustrial centres  of  the  United  States  is  the  comparative  absence  of  a 
leisured  class,  '^uch  as  may  be  found  in  every  country .  in  Europe. 
The  typical  Americ^h  spears  to  live  only  to  work,  and  to  work  at 
something  that  wil4  be  a  life-long  career  of  usefulness  to  himself 
as  an  individual,  and  to  the  community  as  interested  in  mechanical 
improvements  and  economies.  In  the  great  manufacturing  cities  a 
man  who  has  no  regular  business,  who  is  not  concerned  in  the 
development  of  some  industry,  who  is  not  an  agriculturist,  a 
railway  man,  a  manufacturer,  or  engaged  in  a  profession,  is  more 
or  less  at  sea.  He  will  find  it  much  more  difficult  than  in  any 
European  country  to  get  men  of  character,  capacity,  and  intelligence  to 
share  his  leisure  in  ordinary  working  hours,  however  learned  it  may  be. 

Several  examples  of  this  all  but  universal  activity  on  the  part  of 
even  the  richest  Americans  were  brought  to  my  notice  during  my 
recent  visit  to  the  United  States,  as  well  as  on  the  occasion  of  several 
previous  visits.  One  of  these  was  that  of  Mr.  Cornelius  Vanderbilt, 
jun.,  who  is  commonly  spoken  of  as  having  been  cut  off  by  his 
father  because  of  marrying  without  approval,  but  who,  in  reality, 
was  allowed  what  in  Europe  would  be  deemed  a  very  handsome 
fortune.  Nevertheless,  the  young  man  made  up  his  mind  to  create 
a  career  for  himself,  obtained  a  position  in  the  motive  power  depart- 
ment of  the  New  York  Central  i^ailroad,  became  a  skilled  mechanic, 
and  among  other  inventions  of  his  own  has  patented  a  special  type 
of  steel  boiler  which  I  saw  being  worked  up  into  locomotives  in  the 
Baldwin  Works  on  a  considerable  scale. 

Another  similar  example  is  that  of  Mr.  Jacob  Astor,  who  occupies 
himself  very  fully  with  railway  affairs,  takes  an  active  part  in  the 
direction  of  several  leading  American  lines,  and,  when  I  was  recently 
in  the  States,  drove  his  own  special  locomotive  engine  at  an 
unusually  high  rate  of  speed,  in  order  to  be  in  time  for  a  directors* 
meeting  at   Chicago. 

These  facts  are  named  because  they  have  a  most  important 
bearing  on  the  whole  subject  of  American  industrial  prestige.  Every 
man,  however  rich,  must  have  a  calling  in  the  United  States,  and  if 
leisure  is  not  valued  for  its  own  sake,  as  in  Europe,  the  natural  and 
inevitable  influence  is  favourable  to  the  more  rapid  advance  in 
commerce  and  industry  of  the  country  than  that  of  another  country 
where  leisure  and  so-called  "  independence "  are  deemed  of  the 
greatest  value,  and  arc  placed  in  the  front  rank  as  things  to  be 
aimed  at  and  striven  for.  No  doubt  it  will  be  argued  that  the 
American  system  does  not  provide  either  opportunities  or  a  stimulus 
to  cultivate  the  artistic,  the  literary,  and  the  beautiful.  That 
question,  however,  does  not  arise  here,  because  I  am  only  concerned 
in  discussing  the  things  that  make  for  industrial  supremacy,  and  am 
not  called  upon  to  recount  their  possible  countervailing  effects. 
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Some  Notable   Figures. 

While  we  were  in  New  York,  Mr.  Schwab  was  good  enough,  at 
a  long  interview  which  we  had  with  him  at  the  offices  of  the  United 
States  Steel  Corporation,  to  give  us  several  items  of  information  as 
to  the  conditions  under  which  that  organisation  carried  on  its 
business ;  items  which  are  of  the  first  importance,  but  which,  of 
course,  must  be  submitted  as  figures  that  are  given  exclusively  on 
his  authority.  In  presenting  these  data  Mr.  Schwab  called  for  some 
of  the  cost-books  of  the  corporation,  and  extracted  the  figures  in 
our  presence. 

The  first  item  that  was  discussed  was  the  cost  of  producing  pig- 
iron.     On  this  point,  we  were  informed  that  at  the  Kdgar-Thomson 
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Works  the  average  coke  consumption  per  ton  of  pig  was  1,756  Ihs.^ 
that  the  average  ore  yiekl,  as  mined,  was  55  per  cent,  of  iron; 
that  the  volume  of  air  blown  into  the  furnace  was  70,000  per  lb. 
of  coke,  taken  at  the  displacement  of  the  blowing  cylinder  ;  and 
that  the  best  record  for  labour,  etc.,  at  the  blast  furnace  per  ton 
of  pig  was  41TJ  cents,  which  included  general  charges,  repairs,  time- 
keeping, and  superintendents'  salaries,  etc. 

I  asked  Mr.  Schwab  whether  it  had  not  been  the  policy  of  the 
Carnegie  Steel  Company  to  set  aside  10  percent,  of  the  gross  earnings 
for  depreciation  and  renewals,  this  having  been  the  impression  that 
I  had  got  as  the  result  of  an  interview  with  Mr.  Carnegie  himself 
some  years  ago.  Mr.  Schwab  replied  that  the  company  did  not  fix 
any  definite  percentage  or  amount  for  this  purpose,  but  that  it  was 
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accustomed  to  expend  what  was  needed  from  time  to  time,  and  that 
this  was  in  some  years  more  and  in  others  less.  At  the  same  time, 
he  believed  that,  taking  one  year  with  another,  the  expenditure  on 
repairs  and  renewals  would  work  out  to  nearly  if  not  quite  10  per 
cent  of  the  total  annual  revenue. 

As  regards  competition  in  European  markets,  we  had  a  good  deal 
of  conversation  with  Mr.  Schwab,  who  was  keenly  interested  in  ascer- 


Fio.  2.— Mai'  ok  American  CoAi.FiBi.Di  (sre  Ai-j'enihx  II.)- 


taining  the  lowest  cost  at  which  it  was  probable  that,  under  the 
most  advantageous  conceivable  conditions,  pig-iron  and  steel  could 
be  produced  in  Great  Britain,  and  more  especially  in  learning  the 
lowest  cost  at  which  it  would  be  possible  to  produce  pig-iron, 
assuming  that  we  had  the  best  of  the  American  furnace  plants  at 
our  disposal.     In  his  own  mind,  Mr.  Schwab  had  figured   that  there 
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was  a  difference  against  England  of  5  dols.  80  cents  (24s.  2d.)  per 
ton  of  steel  ingots,  compared  with  the  lowest  Pittsburg  costs,  while 
he  computed  the  difference  against  us  on  the  ore  alone,  assuming 
iSs.  to  be  paid  per  ton  for  Bilbao  ores,  at  about  3  dols.  10  cents 
(13s.  id.)  per  ton  of  pig. 

It  will  not  be  likely  to  be  overlooked  that  the  United  States  are 
in  nearly  all  respects  greatly  different  from  our  own  country — different 
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in  their  vast  extent,  in  their  unprecedented!)'  ^reat  requirements,  in 
their  great  and  rapidl>'-growing  i>opulation,  in  their  command  of 
minerals  of  almost  every  kind,  and  in  their  anticipations  of  the  future 
as  well  as  their  realisation  of  the  present.  Some  of  these  differences 
are  illustrated  by  the  diagrams  presented  herewith.  Fig.  1  shows  the 
relative   proportions   of  the  total   iron   ore   production   of  the   world 


GENKKAL   INTROIJUCTiON   ANJ)  (JUTLENK. 


IS 


contributed  by  different  leading  countries,  but  the  large  figures  recorded 
for  the  United  States  omit  to  specify  the  fact  that  the  average  richness 
of  the  ore  output  of  that  country  is  much  greater  than  that  of  any 
other.  Fig.  2  shows  the  position  of  the  different  coalfields  of  the 
United  States,  with  regard  to  which  details  will  be  found  in  Appendix 
II.     Fig.  3  shows  how  the  United  States  compares  with  other  industrial 


countries  in  regard  to  the  output  of  minerals.  Fie;.  4  shows  how  the 
capacity  of  the  railway  wagons  possessed  by  the  United  States 
compares  with  five  of  the  next  most  important  countries  of  the  world, 
including  Great  Britain.  Finally,  Fig.  5  furnishes  an  indication  of  the 
marvellous  development  of  the  foundry  industry  of  the  United  States, 
which  is  merely  another  way  of  saying  that  in  that  country  the  outlets 
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for  the  distribution  of  iron  and  steel  are  greatl>'  in  excess  of  those  of 
any  other.  It  will  probably  surprise  even  those  who  are  accustomed 
to  think  and  speak  of  big  things  to  learn  that  in  the  United  States  there 
are  no  fewer  than  4,600  foundries,  many  of  them  of  enormous  extent 


■di>Mk 


and  the  large  demands  which  they  make  on  pig-iron  makers  are  of  a 
piece  with  those  made  in  many  other  directions.  The  extent  to  which 
those  demands  have  increased  of  late  years,  and  are  now  increasing,  is 
dealt  with  elsewhere,  as  well  as  the  character  and  extent  ofj^the 
provision  made  to  meet  them. 


SECTION    II.— RAW    MATERIALS. 


CHAPTER    II. 

Coal  and  Coke. 


The   Connellsville   Coke   Supplies. 

Much  of  the  success  of  the  Pittsburg  district  from  an  iron  and 
steel  producing  point  of  view  is  due  to  the  location  of  that  city  in 
reference  to  its  fuel  supplies.  Pittsburg  is  within  50  miles  of  the 
Connellsville  coking  coal  region,  which  furnishes  the  cheapest  coke, 
and  almost  the  cheapest  coal,  produced  on  a  large  scale,  in  any  part 
of  the  world.  It  is  also  within  a  comparatively  short  distance  of  the 
coalfield  of  Western  Virginia,  which- supplies  another  variety  of  that 
mineral  well  suited  to  the  manufacture  of  an  excellent  coke. 
Finally,  the  district  of  Pittsburg  is  rich  in  natural  gas,  which  for  a 
number  of  years  has  been  supplied  to  iron  and  steel  works  at  low 
charges,  typified  by  4s.  for  puddling  furnaces,  2s.  for  heating  fur- 
naces, 2s.  6d.  to  3s.  for  open-hearth  furnaces,  and  2s.  for  crucible 
steel  furnaces,  all  per  ton  of  material  produced. 

It  is  necessary  to  a  correct  understanding  of  the  economic  situation 
in  the  iron  trade  of  the  United  States  that  the  several  sources  of 
fuel  supply  should  be  dealt  with,  if  only  very  briefly. 

And  first  as  to  location.  While  Connellsville  coke  is  within  50 
to  90  miles  of  Pittsburg,  it  is  much  more  remote  from  other 
centres  to  which  it  is  supplied  on  a  large  scale.  Chicago  has  for 
many  years  drawn  the  principal  part  of  her  coke  supplies  from  this 
region,  the  average  haul  being  about  525  miles,  all  by  rail. 
Chicago  also  draws  coke  supplies  from  the  northern  coke  region  of 
Western  Virginia,  about  535  miles  distant,  and  from  the  southern 
district  of  the  same  State,  distant  about  600  miles,  as  well  as  from 
Reynoldsville  and  Rochester  districts,  which  are  about  625  miles  off. 
In  respect  to  fuel  supplies,  therefore,  Pittsburg  has  obviously  great 
advantages  over  Chicago.  Whether  these  advantages  will  continue 
remains  to  be  seen.  Within  recent  years  Chicago  has  drawn  part  of 
her  coke  supplies  from  South-Eastern  Kentucky,  which  is  practically 
as  near  to  that  city  as  Connellsville,  and  it  is  reported,  since  I  left 
the  United  States,  that  the  experiments  made  to  produce  a  satisfac- 
tory coke  from  the  nearer  coal  mined  in  Illinois  and  Indiana  have 
been  successful. 

Like  the  Chicago  iron-making  district,  those  of  Cleveland  and 
Youngstown,  Ohio,  mainly  depend  for  fuel  supply  on  [the  Connellsville 
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region,  but  the  railway  companies  arrange  to  place  Cleveland,  Youngs- 
town,  and  Pittsburg  as  far  as  possible  on  the  same  level  with  regard 
to  the  cost  of  assembling  materials  at  iron  works,  higher  fuel  rates 
being  offset  by  lower  iron  ore  rates,  and  vice  versA, 

The  vein  of  coal  from  which  Connellsville  coke  is  manufac- 
tured is  of  limited  area,  and  extends  from  a  point  near  Latrobe, 
on  the  Pennsylvania  Railroad,  in  a  south-westerly  direction  through 
Westmoreland  and  Fayette  Counties,  a  distance  of  42  miles,  almost 
to  the  West  Virginia  State  line,  with  an  average  width  of  3'5  miles, 
covering  an  area_  of --147  square  miles.  Excluding  barren  measures,  it 
originally  contained  88,000  acres.  This  coal  is  very  clean,  almost 
entirely  free  from  slate  and  sulphur,  remarkably  soft,  easily  mined, 
and  uniform  in  quality  and  thickness.     The  vein  averages  9  ft. 

Analysis  of  Connellsville  Coal  and  Coke. 

Coal.  Coke. 

Per  cent.  Per  cent. 

Water 1*130  '070 

Volatile  Matter           29*812  *88o 

Fixed  Carbon 60*420  ^9*509 

Sulphur...        ...        ••.        ...        «..        ...        ...            '689  '711 

Ash        •-        7'949  8*830 

In  the  Connellsville  district,  the  mines  vary  in  depth  from  50  to 
over  650  ft.  The  slopes  or  drifts  vary  from  180  to  6,000  ft. 
horizontal  length.  Some  of  the  drifts  extend  for  about  two  miles 
underground.  There  are  now  about  100  coal  mines  in  the  district, 
including  drifts  and  slopes — mostly  drifts.  The  coal  is  carried  from 
the  mines  in  wagons  or  cars,  the  capacity  of  which  varies  from  \\  to 
2\  tons.  Iron  "  lorries,"  with  a  capacity  of  six  to  eight  tons,  are  used 
to  convey  the  coal  from  the  pit  mouth  to  the  ovens.  These,  and 
the  wagons  below  ground,  are  generally  drawn  by  horses  or  mules, 
but  also  in  more  modern  plants  by  electric  traction.  For  underground 
conveyance  of  coal,  wire  rope  haulage  also  has  been  introduced,    o-amo'^-^''''*^ 

In  getting  the  coal,  the  system  adopted  is  known  locally  as  that 
of  the  "  double-heading-pillar-and-room."  The  quantity  of  coal  got 
by  this  system  is  computed  at  about  90  per  cent,  of  the  whole. 
Rooms  are  driven  four  yards  wide,  leaving  pillars  about  nine  yards. 
The  drift  mines  are  generally  self-draining.  The  shaft  or  slope 
mines  are  pumped  by  electrically-compressed  air  or  steam.  All  the 
drift  mines  open  from  the  outcrop. 

Earnings  of  Workmen. — Over  a  series  of  years  the  average 
earnings  of  the  men  employed  in  the  Connellsville  region  have  been 
approximately  as  under : — 


Dols. 

Cents. 

Dols.  Cents 

Hewers 

.  •  •         *tf 

10 

Track  layers   ... 

2         10 

Coke  drawers  ... 

2 

6 

Labourers 

I        35 

Levellers 

t 

II 

Machinists 

2        60 

Carters  ... 

I 

60 

Blacksmiths    ... 

2        88 

Drivers  (in  mines) 

2 

10 

Mechanics 

2        60 

It  has  been  noted  as  a  singular  coincidence,  that  while  during  a 
period  of  about    20  years,  the   average    price   of   Durham    coke    has 
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been  about  double  that  of  Connellsville,  the  average  earnings  of  the 

men  employed  in  Connellsville  were  about  double  those  of  the  men 

similarly  employed  in  South  Durham. 

The  wages  in  the  ConneUsville  region  have  for  a  number  of  years 

been  regulated  by  a  sliding  scale,  under  which,  if  the  market  price 

of  furnace  coke  is   i  dol.  75  cents  per  ton  (of  2,000  lbs.)  f  o.b.  cars  at 

ovens,  the  wages  to  be  paid  shall  be — 

Dols.  per  100  bushels. 
For  mining  and  loading  room  coal  ...         •••         ...  roo 

„        heading  coal 1*15 

„        wet  heading  coal        1*22 


Dols.  per  "  full  run. 

Drivers,  rope  riders,  and  cagers    ...         1*95 

Trappers  (boys)          ...         '65 

Pit  Car  Greasers  (boys)        '90 

Hitchers  On     ...         ...         ...         ...         ...         ...         ...  1*55 

Pushers  and  Assistant  Cagers  (^ boys)       ...  I'oo 

Haulage  Engineers    ...         ...         ...         ...         ...  2*10 

Dumpers  and  Tipplemen     ...         r6o 

A  "  full  run  "  does  not  exceed  an  average  of  nine  hours*  actual 
work,  but  all  full  run  hands  are  required  to  remain  at  work  until  all 
the  ovens  are  charged,  and  all  the  work  for  the  day  is  finished,  if  the 
management  so  determine,  and  they  are  paid  the  pro  rata  rate  per 
hour  for  all  extra  time  worked  over  an  average  of  nine  hours  per 
day.  This  extra  time  is  computed  and  placed  to  the  credit  of  the 
men  at  the  end  of  each  two  weeks.  Following  are  other  scale 
rates  : — 

Roadmen,  Horsebackmen,  and  Timbermen  $1*95  per  day  of  9  hours  actual  work. 
Inside  Labourers      ...         ...         ...         ...     r6o         „  9    „  „ 

Chargers,  with  horses  and  mules 4  cents  per  oven. 

Chargers,  with  locomotives  ...         $1*65  per  day  of  10  hours. 

Charging  Loco.  Engnrs 2*15  „  10      „ 

Teamsters  and  Carters       1*50  „  10      „ 

Yard  Labourers        ...         i'33  „  10      „ 

Drawing  and  Loading  Coke         ...         55  cents  per  100  bushels  coal  charged. 

Levelling        9}  cents  per  oven. 

Loading  and  Wheeling  Stock  Coke  into  Cars  ...  22    cents  „ 

Forking  Box  and  Stock  Cars,  less  than  40,000  lbs.  capacity  ...      $roo  per  car. 

„        ,.  „  „     40,000  lbs.  capacity       no      „ 

„        „  „  „     over  40,000  lbs.  capacity         ...         1*25       „ 

„    Small  Open  Top  Cars  from  Yard  1*15      „ 

„     Medium  Open  Top  Cars  from  Yard     1*30      „ 

„     Large  Open  Top  Cars  from  Yard         r6o      „ 

Drivers,  carters,  and  teamsters  are  governed  by  the  company's 
rules  in  regard  to  the  harnessing,  unharnessing,  care,  and  cleaning  of 
their  stock.  Levellers  have  to  attend  to  closing  up  the  ovens  on 
idle  days  and  Sundays.  Machinists,  mechanics  of  all  kinds,  stationary 
engineers,  pumpers,  firemen,  and  all  other  classes  and  kinds  of  labour 
regularly  employed,  are  paid  **  according  to  the  work  they  perform, 
the  ability  acquired,  and  the  responsibility  of  their  positions." 

The  scale  provides  that  for  every  advance  of  10  cents  per  ton  in  the 
price  of  Connellsville  coke,  over  and  above  i  dol.  75  cents  per  ton  of 

c  2 
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2,OGO  lbs.  f.o.b.  cars  at  ovens,  3  cents  per  hundred   bushe^s  shall    be 
added  to  the  above  price  for  mining  and  loading  coal ;    2  cents   per 
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hundred  bushels  of  coal  charged  shall  be  added  to  the  above  price 
fot  drawing  and  loading  coke ;  one-eighth  (t)  of  a  cent  per  oven 
shall  be  added  to  the  above  price  for  charging  ovens  with  horses; 
one-fourth  (^)  of  a  cent  per  oven   shall  be  added  to  the  above  price 
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for  levelling  ovens,  and  2  per  cent  (2  % )  shall  be  added  to  all  other 
prices  of  labour  given  in  above  list;  payments  to  be  made  semi- 
monthly. 

The  sliding  scale,  as  originally  adopted,  contained  the  following 
effective  clauses  as  regards  strikes  :— 

"There  can   b^   no   such   thing  as  a  strike  under  this  agreement 
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for  any  cause,  and  suspensions  of  work  by  the  workmen  at  said  plant 
shall  not  be  allowed  for  any  cause  during  the  term  of  this  agree- 
ment without  the  consent  of  the  management  In  case  of  any 
dispute  or  trouble  between  a  workman  and  a  boss,  or  any  grievance 
growing  out  of  or  in  connection  with  the  work  that  any  or  all 
workmen  at  said  plant  may  have,  a  written  statement  of  said  dis- 
pute, trouble,  or  grievance,  signed  by  five  (5)  workmen  employed  at 
said  plant,  shall  be  given  to  the  superintendent  of  said  plant  at  his 
office.  If  the  superintendent  fails  to  make  a  satisfactory  adjustment 
of  the  matter  complained  of  within  five  (5)  days  after  delivery  of 
said  notice  to  his  office,  it  shall  then  immediately  be  submitted  for 
settlement  to  three  persons,  one  of  them  to  be  the  master  work- 
man, a  member  of  the  Executive  Board,  or  any  other  person  the 
workmen  at  the  plant  may  choose  ;  one  to  be  the  owner,  a  stock- 
holder or  officer  of  the  company,  or  any  other  person  the  superin- 
tendent of  said  plant  may  choose ;  and  the  two  so  chosen  shall  select 
the  third,  and  the  decision  of  those  three,  or  a  majority  of  them, 
shall  be  final  and  binding  on  both  parties." 

Ovens  and  Crushing. — The  British  coke  manufacturer  in  the  Connells- 
ville  region  would  hardly  be  likely  to  find,  in  the  equipment,  much 
mprovement  on  his  own  conditions.  Practically,  beehive  ovens  are 
he  only  ovens  employed.  They  are  built  in  both  single  and  double 
rows,  the  former  termed  "  bank,"  and  the  latter  "  block  "  ovens.  The 
only  material  variation  is  in  the  dimensions,  which  range  from  10  ft  6  in. 
to  12  ft  in  diameter,  and  from  5  ft.  to  7  ft.  high  in  the  clear.  It  is 
usual  to  provide  3,000  crown  and  1,200  lining  bricks,  with  120 
bottom  tiles,  and  20  cubic  yards  of  stone  per  oven.. 

More  than  ten  years  ago  the  H.  C.  Frick  Coke  Company  intro- 
duced the  crushing  of  coke  with  a  view  to  its  taking  the  place  of 
anthracite  coal.  This  system  has  been  attended  with  much  advan- 
tage in  foundry  practice.  It  has  been  found  that  a  given  weight 
will  melt  30  to  50  per  cent,  more  iron  in  20  per  cent,  less  time 
than  the  .same  weight  of  anthracite.  The  coke,  of  course,  requires 
less  blast  than  other  fuel,  and,  as  it  melts  iron  hot  and  soft,  more 
scrap  can  be  used.  The  reduced  quantity  of  slag  to  be  dealt  with, 
and  the  absence  of  clinker,  are  other  advantages,  while  coke  is  easy 
on  the  cupola  linings.  It  has  been  computed  that  while  i  lb.  of 
coal  will  only  melt  5  to  6  lbs.  of  iron,  the  same  weight  of  coke  will 
melt  9  to  14  lbs.,  and  that  while  a  cupola  of  economical  size  will 
pour  off  the  iron  melted  with  coke  in  two  hours,  it  will  take  three 
hours  when  using  coal. 

The  Steel  Corporation  Coke  Supplier. 

The  cheap  production  of  pig-iron,  and  consequently  of  other 
descriptions  of  iron  and  steel,  in  the  Pittsburg  district  Las  owed 
much  to  the  proximity  of  the  Conncllsville  coalfield,  and  to  the 
remarkably  low  cost  and  high  quality  of  the  fuel  produced  in  that 
region.  This  obligation  was  recognised  some  fifteen  years  ago  by 
Mr.  Andrew  Carnegie,  when  he  invited  Mr.  H.  C.  Frick,  then  the 
largest  operator  in  that  region,  to  become  a  partner  in,  and  to  assume 
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a  lai^e  control  over,  the  Carnegie  Steel  Company.  From  the  pos- 
sessions of  the  Cam^e  Company  to  those  of  the  Steel  Corporation 
has  apparently  been  an  easy  transition.  The  corporation  owns  the. 
stock  of  the  Friclc  Coke  Company,  as  well  as  that  of  the  South- 
West  Connellsville,  the  Continental,  and  the  American  Coke  Com- 
panies—making four  concerns  in  all,  with  a  total  of  18,000  coke  ovens, 
to  which  about  600  more  are  now  being  added.      The   total    number 


of  ovens  in  the  whole  Connellsville  region,  according  to  return^)  issued 
a  few  months,  ago,  and  excluding  ovens  in  course  of  erection,  was 
20,719,  so  that  only  2,719  ovens  were  available  for  other  operators  in 
this  the  most  important  coking  field  in  the  United  States.  At  that 
date  also,  the  Steel  Corporation  was  erecting,  through  the  Con- 
tinental Coke  Company,  900  additional  ovens  at  Uniontown,  in  the 
same  region. 

These  facts  were  put   before   me  in   the   course  of  several   inter- 
views that  I  had  at  Pittsburg  with  Mr.  Thomas   Ljnch.  the  President 
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of  the  Frick  Coke  Cortipany.  Mr.  Lynch  added  that  outside  of 
the  Steel  Corporation,  which  owns  55,000  acres  of  the  Connellsviile 
coking  lands,  there  are  not  more  than  600  or  700  acres  available 
in  the  whole  region.  "We  own,"  he  said,  "practically  the  entire 
Connellsviile  coal  supplies."  The  capacity  of  the  coke  plants  under 
Mr.  Lynches  charge  is  about  875,000  net  tons  per  month.  In  Sep- 
tember last,  the  actual  output  of  the  united  plants  was  about  857,000 
tons,  which  is  at  the  rate  of  over  loj  ihillion  tons  of  coke  a  year. 
This  output  is  little  short  of  being  equal  to  the  entire  coke  pro- 
duction of  the  United  Kingdom,  and  is  more  than  equal  to  the  entire 
coke  output  of  Germany.  It  is  not,  however,  exclusively  used  by  the 
Steel  Corporation.  Connellsviile  coke  is  also  largely  supplied  for 
foundry  purposes,  and  a  good  deal  of  it  is  sent  to  Chicago  and 
other  places  for  blast  furnace  use.  Not  far  from  the  coal  lands 
.  owned  by  the  corporation,  there  are  others  that  are  suited  to  the 
production  of  coke,  and  these  are  of  large  extent,  but  the  coke  is 
said  to  be  inferior. 

The  coke  companies  named  are  commercially  carried  on  as  inde- 
pendent concerns,  and  must  "  pay  their  way "  as  such,  the  coke 
supplied  being  charged  to  the  Steel  Corporation  at  a  given  price. 

Mr.  Lynch  informed  me  that  the  coal  of  the  Connellsviile  region 
can  be  delivered  at  the  pit  mouth  for  50  cents  (2s.  id.)  per  net  ton 
(2,000  lbs.),  including  royalty,  taxes,  interest  on  investment,  and  all 
other  charges.  The  men  are  paid  37  cents  per  net  ton  for  mining. 
The  principal  seam  worked  is  9  ft.  thick,  and  the  miners  work  it  entirely 
by  pick,  no  blasting  being  required,  and  only  a  minimum  of  skill. 
Hence  the  men  emplo}'cd  in  the  mines  are  largely  unskilled — that  is, 
so  far  as  previous  experience  is  concerned.  About  85  per  cent  of 
the  miners  are  of  foreign  origin,  mainly  Germans,  Irish,  English,  and 
Scotch,  but  of  this  85  per  cent,  about  60  per  cent,  are  Poles,  Slavs  and 
Hungarians.  A  number  of  the  workings  are  simple  drifts.  The  deepest 
mine  is  675  ft.,  but  only  three  mines  in  the  whole  field  are  over  500  ft. 
The  average  hours  of  work  are  ten — from  daylight  to  daylight.  The 
cost  of  conversion  into  coke  is  about  40  cents  (is.  8d.)  per  ton, 
including  loading  the  coke  into  cars. 

I  asked  Mr.  Lynch  if  he  had  formed  any  estimate  of  the  probable 
duration  of  the  Connellsviile  coalfield.  His  reply  was  that  at  the 
present  rate  of  consumption  it  was  computed  that  the  Connellsviile 
coking  coal  would  last  about  55  years.  This  would  mean  that  there 
are  still  available  coke  supplies  equal  to  566  million  tons,  or,  to  put  it 
another  way,  that  the  Steel  Corporation  controls  about  a  thousand 
million  tons  of  coal  in  that  field  alone. 

There  are  no  by-product  ovens  employed  here  by  any  of  the 
coking  concerns  controlled  by  the  Steel  Corporation.  The  ovens  are 
exclusively  of  the  beehive  type.  1  asked  Mr.  Lynch  why  by-product 
ovens  were  not  adopted.  His  reply  was  that  the  matter  had  received 
the  grave  consideration  of  the  Frick  Coke  Company  and  himself, 
but  that  they  did  not  think  it  was  worth  while  running  the  risk  of 
producing  inferior  coke  for  the  purpose  of  realising  an  advantage 
which,  having  regard  to  the  remarkably  low  price  at  which  they  pro- 
duced both  coal   and  coke,  appeared  to  be  somewhat  dubious.     They 


COAL   ANU   COKE.  2$ 

were,  he  added,  keeping  their  eye  upon  other  by-product  plants  in 
West  Virginia  and  elsewhere,  and  might  find  occasion  to  alter  their 
opinion.  But  Mr.  Lynch  does  not  see  that  they  can  do  much  better 
than  they  are  now  doing  in  producing  coke  at  a  trifle  over  55. 
per  ton. 

As   regards   the   relation   of  co.st   of  production    to   selling    price, 
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some  remarks  appear  to  be  called  for.  It  is  well  known  that  in 
some  previous  years  the  average  quoted  price  of  Connellsville  coke 
over  a  considerable  period  has  been   about   a  dollar   per   ton  at  the 
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ovens,  and  **  90-cent  coke  "  was  at  one  time  an  actuality.  Probably 
no  one  would  maintain  that  coke  at  this  price  could  be  sold  to 
leave  any  profit.  My  late  friend,  Mr.  Jos.  D.  Weeks,  who  devoted 
much  attention  to  the  coke  industry  of  Connellsville,  and  was 
selected  by  the  Government  of  the  United  States  to  report  upon 
it,  published  various  ascertained  statements  of  the  cost  of  production, 
the  lowest  of  which  gave  it  at  i  dol.  17  cents,  or  4s.  lo^d.  per  ton, 
and  an  average  of  which  was  about  5s.  2d.  per  ton.  At  the  present 
time  (December,  1901)  the  selling  price  of  this  coke  varies  from 
2  dols.  to  2*50  dols.  at  the  ovens. 

As  to  the  future,  the  United  States  Steel  Corporation,  as  I  have 
shown,  practically  holds  the  Connellsville  coke  trade  in  the  hollow 
of  its  hand,  and  can  almost  fix  its  own  price.  Will  that  price  be 
high  or  low  ?  Will  it  be  less  or  more  than  hitherto  ?  The  con- 
servative policy  adopted  in  the  past  scarcely  leads  to  the  expectation 
that  the  corporation,  which  is  fully  alive  to  the  value  of  its  coke 
property,  will  sell  its  coke  at  the  same  low  rates  as  hitherto,  the 
more  so  that  the  corporation,  unlike  some  of  the  smaller  producers 
responsible  for  the  90-cent  coke  period,  can  afford  to  wait  its  time  to 
sell  at  a  profit.  Moreover,  it  is  the  policy  of  the  corporation  to  make 
each  department  of  its  vast  business  pay  its  own  way,  and  its  coke 
properties  are  not  exempted  from  this  rule. 

The  Cokins:  Resources  and  Output  of  the  Southern  States,  etc. 

It  is  hardly  necessary  that  1  should  enter  at  length  upon  the  coal 
resources  of  the  United  States.  Suffice  it  to  say  that  while  those 
resources  are  of  immense  extent — computed  at  nearly  200,000  square 
miles,  against  less  than  16,000  square  miles  for  the  United  Kingdom — 
only  a  few"  of  them  provide  coal  that  is  suited  to  the  production  of  a 
good  quality  of  coke,  and  since  this  is  the  fundamental  aspect  of  the 
coal  question  from  an  iron-making  point  of  view,  these  districts  alone 
need  be  referred  to. 

The  most  progressive  district  of  all  is  that  of  Alabama,  on  which 
the  pig-iron  makers  of  that  State  rely  for  their  supplies,  jointly  with 
the  State  of  Tennessee.  The  output  of  coal  in  Alabama  advanced 
from  380,000  tons  in  1880  to  4,090,000  tons  in  1890,  and  to  8,394,000 
tons  in  1900.  In  the  latter  year  there  were  124  mines  in  operation, 
employing  12,881  hands.  Alabama  now  ranks  fifth  among  the  coal- 
producing  States. 

The  following  are  average  analyses  of  the  coal  of  the  three  principal 
fields  in  this  region  : — 

Warkiok  Field. 

Per  cent. 

Moisture         ...         ...         ...         ...         ...  ro2 

X'olatile  Matter  31*85 

Fixed  Carbon  ...         ...  ...  ...         6382 

'A&oll  •••  •••  •••  ••.  •••  •••  Jjj 

Sulphur  ...         ...         ...         ...         ...  070 

10070 
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Cahaba  Field^ 


Moisture 
Volatile  Matter 
Fixed  Carbon  .. 
/\sli      ...         ... 

Sulphur 


Coosa  Field. 


Moisture 
Volatile  Matter 
Fixed  Carbon... 
x\sn      ...         ... 

Sulphur 


Per  cent 
r68 

3413 
6o'i6 

403 
0-56 

ioo'56 

Per  cent. 

I '43 
32*21 

6085 

441 

no 

1 0000 


The  total  production  of  coke  in  Alabama  in  1900  was  2,110,837  tons, 
and  the  average  selling  price  is  officially  returned  at  267  dollars  per 
ton,  which  is  the  highest  price  recorded  since  1883.  Nearly  1,000  new 
ovens  were  built  in  1900.  At  the  beginning  of  1901,  690  new  ovens 
were  being  constructed,  of  which  120  were  on  the  Semet-Solvay  system. 

Between  1896  and  1900,  the  total  output  of  coke  in  the  United 
States  advanced  from  1 1,788,773  net  tons  to  20,533,348  net  tons. 

Only  73*6  per  cent,  of  all  the  ovens  built  were  in  operation  in  1900. 
In  Pennsylvania  the  percentage  in  operation  was  729  ;  in  Alabama 
89*4;  in  West  Virginia  65*6 ;  in  Tennessee  7y6;  and  in  Virginia  78'2. 
At  the  end  of  1900,  5,804  coke  ovens  were  being  built  in  the  United 
States  as  a  whole. 

The  following  table  shows  the  average  value  per  ton  at  the  ovens 
of  the  coke  made  in  the  leading  States  from  1896  to  1900,  as  given  in  the 
Government  returns  : — 

Average  Value  per  Short  Ton  at  the  Ovens  of  the  Coke  made  in  the 
Principal  States  from  1896  to  1900,  inclusivk. 


State 

or' 

rerrilory. 

1 

1896. 

Dols. 

Alabama  ... 

•  •  • 

•  •  • 

...| 

207 

Colorado  ... 

•  ■  • 

•  •  • 

1 

2-88 

Georgia    ... 

•  •  • 

•  •  • 

1*276 

Indian  Territory... 

•  •  • 

350 

Kentucky... 

•  •• 

1 

1-55 

Missouri  ... 

•  •  • 

1-65 

Ohio 

•  •  • 

258 

Pennsylvania 

•  •  • 

1792 

Tennessee 

•  *  • 

1-84 

Virginia   ... 

•  ■  • 

1-509 

Washin^^on 

•  •  • 

404 

West  Virginia 

•  •  • 

•  •  •  , 

I '37 

1897. 


Dols. 
2*14 
2*91 6 

1-28 

3*45 
1-41 

I'So 
2-48 

i'53 
1-81 

1*40 
442 


Average 


2*171 


2-137 


1898. 

1899. 

Dols. 

Dols. 

203 

203 

259 

2*51. 

1-56 

2-30 

2833 

296 

1448 

199 

1-42 

1*93 

2*47 

304 

1-50 

1-69 

1-63 

'•95 

1-317 

'73 

427 

4-98 

1-26 

'53 

2027 


2y> 


1900. 

Dels. 
2*667 
2-82 
2849 

3*99 

2465 

2-52 

2*69 

2236 

267 

2- 1 37 

4797 
201 
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In  1900,  there  were  altogether  388  coke-making  establishments  in 
the  United  States,  which  produced  an  average  of  S3.000  short  tons 
(2,000   lbs.)    of   coke.      Apart   from    Pennsylvania,   which    produced 
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13,798,893   tons,   the  principal   outputs   and    the   ovens 
were : — 


West  Virginia 

2,35K,499  10 

ns  with  6,729 

Alabama 

2,110,839 

S.838 

Virginia 

685,156 

..          1,822 

Tennessee         

475,432 

1.552 

These  four  Southern  States  produced  a  total  of  5,629,926  tons  of 
coke,  or  27  per  cent,  of  the  total  coke  output  of  the  Republic. 
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The  average  output  per  oven  in  operation  was  572  tons  in 
Pennsylvania,  350  tons  in  West  Virginia,  362  tons  in  Alabama,  306 
tons  in  Tennessee,  and  376  tons  in  Virginia. 

Accompanying  this  chapter  are  illustrations  of  the  Connellsville 
coking  region,  in  which  some  of  the  outlying  cokeries  are  omitted,  but 
showing  the  location  of  the  great  majority  of  the  principal  plants 
(Fig.  6)  ;  a  map  of  the  important  coking  coal  region  of  West  Virginia 
(Fig.  7)  ;  a  map  of  the  Pocahontas  coalfield,  which  is  one  of  the  most 
progressive  and  promising  in  the  United  States  ( Fig.  8) ;  diagrams 
showing  the  Oliver  and  Snyder  Steel  Company's  coking  plant  at 
Uniontown,  Pa.  (Fig.  9). 

By-Product  Coke. 

Reference  has  already  been  made  to  the  fact  that  in  the 
Connellsville  region  by-product  coke  is  almost  unknown.  Never- 
theless, in  other  regions  this  system  is  making  progress.  At  the 
end  of  1900  there  were  in  the  United  States  as  a  whole  1,085 
by-product  ovens  built,  and  1,096  being  erected,  while  the  total  output 
of  by-product  coke  in  that  year  was  1,075,727  tons.  Four  years 
previously  the  output  was  only  83,038  tons.  The  systems  adopted 
are  mainly  those  of  Semet-Solvay  and  Otto- Hoffman.  These  systems 
do  not  call  for  special  mention,  as  they  are  practically  identical  with 
those  employed  both  here  and  on  the  Continent.  At  the  same  time,  it 
may  be  remarked  that  attention  is  being  devoted  to  the  economical 
handling  of  the  coke  at  the  ovens,  and  labour-saving  devices  are  being 
designed  and  put  in  operation  to  this  end,  such  as  the  Seaver  Electric 
Coke  Loader  (Fig.  10),  which  is  designed  to  receive  coke  from  the 
coking  chambers  of  by-product  coke  ovens,  and  load  it  into  cars 
standing  on  adjoining  tracks. 


CHAPTER  III. 


Iron  Ore  Resources  of  the  United  States. 


The  Qeneral  Situation. 

The  total  quantity  of  iron  ore  mined  in  the  United  States  in  1900 
was  27,553,161  tons,  and  the  corresponding  output  of  pig-iron,  subject 
to  imports  to  the  extent  of  less  than  900,000  tons  of  ore,  was  13,789,242 
tons.  So  recently  as  1894,  the  total  iron  ore  output  of  the  States  was 
1 1,879,679  tons,  while  the  output  of  pig-iron  was  only  6,657,388  tons. 

It  is  not  to  be  supposed  that  the  whole  of  the  progress  represented 
by  these  two  sets  of  figures  has  been  made  in  the  interval.  So  far 
back  as  1890  the  total  iron  ore  output  was  over  16  million  tons,  and 
the  pig-iron  output  was  over  nine  million  tons. 

The  principal    iron  ore-producing   localities   in 

produced : — 

1900. 

Lake  Superior  Ranges.  Tons. 

Marquette  3^57,522 

Mesaba       ...        ...        ...        ...  7>8o9,535 

Menominee  ...        ...        ...  3,261,221 

Vemiilion    ...         ...  1,655,820 

Gogebic      2,875,295 


1900  and   in  1901 


1901. 

Tons. 
3,254,680 
9,004,890 
3,605,449 
1,786,063 

2,938,155 


Totals  ... 
Alabama 
The  Virginias 
Pennsylvania 


19,059,393 

2,759,247 

921,821 

877,684 


20,589,237 
no  record. 


„ 


The  Lake  Superior  Ran^s. 

In  the  matter  of  cheap  and  abundant  iron  ore  supplies,  the  United 
States  appear  to  be  as  richly  endowed  by  nature  as  they  are  in 
respect  of  fuel.  They  do  not  generally  have  the  two  minerals  near 
together.  In  the  three  or  four  leading  centres  of  the  trade — Pittsburg, 
Chicago,  Youngstown  and  Wheeling — the  iron  ores  and  the  fuel  used 
are  separated  by  distances  varying  from  800  to  1,000  miles,  but  this 
interval,  which  would  almost  appear  to  be  prohibitive  in  most  other 
countries,  is  but  a  relatively  trifling  drawback,  in  view  of  the  extra- 
ordinary facilities  provided  for  cheap  tran.sportation,  both  by  land  and 
water,  elsewhere  referred  to. 

Of  the  total  tonnage  of  iron  ores  consumed  in  the  United  States  in 
the  year  1900,  amounting  to  about  27i  million  tons,  nearly  20  million 
tons  were  mined  in  the  five  ranges  of  the  Lake  Superior  region, 
severally  known  as  the  Mesaba,  the  Gogebic,  the  Marquette,  the 
Vermilion  and  the  Menominee,  all  of  them  in  the  States  of  Michigan 
and  Minnesota. 

P'rom  these  several  ranges  the  total  output  of  iron  ore  in  the  period 
of  45  years,  ending  with  and  including  1900,  was  about  171^  million 
tons,  which,  taking,  into  account  the  average  richness  of  the  ore,  is  the 
equivalent  of  about  103  million  tons  of  pig-iron. 
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Only  the  Marquette  and  Menominee  ranges  had  begun  operations 
prior  to  1884.  Both  the  Vermilion  and  the  Gogebic  ranges  mined  their 
first  ore  in  that  year.  The  Mcsaba  did  not  mine  itii  first  ore 
until  1893. 

In  the  older  ranges  mining  was  and  is  mostly  done  by  shafts,  and 
some  of  the  mines  are  of  considerable  depth.  In  the  Mesaba  range, 
more  than  one-half  of  the  output,  which  now  exceeds  eight  million 
tons  a  year,  is  got  by  quarrying,  or  open-pit  methods. 

Of  late  years,  the  tendency  has  been  to  reduce  the  number 
of  mines,  and  increase  the  output  of  those  in  operation.  Thus,  from 
first  to  last  87  mines  have  been  opened  on  the  Marquette  range, 
of    which    only     22     were     in     operation     in     1900  ;     68     on     the 


Menominee  range,  reduced  in  1900  to  27  ;  47  on  the  Gogebic, 
reduced  in  1900  to  25 ;  and  36  on  the  Mesaba,  reduced  in 
1900  to  29."  On  these  four  ranges,  therefore,  up  to  the  end  of 
1900,  some  238  mines  had  been  opened  in  all,  of  which  no  fewer 
than  135  had  either  been  abandoned,  or,  for  other  causes,  had  ceased 
to  work  in  1900. 

The  output  of  the  survivors  varies  greatly.     In  the  Mesaba  range 
in   1900,  the  greatest  output  from  a  single  mine  was   1,252,504  tons — 


32  AMERICAN    INDUSTRIAL  CONDITIONS. 

the  Fayal,  started  in  1895,  ^"d  belonging  to  the  Steel  Corporation — and 
the  smallest  output  was  a  trifle  over  8,000  tons.  Similar  differences  are 
found  in  the  other  ranges.  The  average  output  of  the  mines  at  work 
on  the  Mesaba  range  in  1900  was  269,276  tons,  while  in  the  Menominee 
which  is  a  much  more  nearly  exhausted  range,  the  average  was  only 
120,740  tons.  The  average  of  each  range  is  shown  in  the  following 
statement,  which  I  have  prepared  from  figures  published  by  the  journal 
already  named : — 

Number  of  Mines  in  Operation,  Output  of  Iron  Ore,  and  Average  Output 

per  Mine  in    1900. 


No. 

of  Mipes  in 

Total  Output  of 

Average,  Output 

Range. 

Operation. 

Ore. 

per  Mine. 

Mesaba    ... 

29       ... 

...     7,809,535  tons. 

...     269,294  tons. 

Marquette 

22 

...     3,457,522     „ 

...     157,160    „ 

(logebic    ... 

25         ... 

...     3,875,295    n 

...     155,011    „ 

Menominee 

27         ... 

...     ^261,221     „ 

...     120,786  „ 

Vermilion... 

5      ... 

...     1,655,820    „ 

...     33', 164    „ 

It  will  be  noted  that  there  is  nothing  exceptional  about  the  outputs 
of  the  Lake  Superior  mines,  and  that,  speaking  generally,  they  do.  not 
appear  to  enjoy  the  advantages  that  are  usually  attached  to  production 
on  a  large  scale.  The  North  Yorkshire,  Luxembourg,  and  Alsace- 
Lorraine  mines  very  often  come  up  to  the  same  level  of  average 
output. 

The  cost  of  production  of  ore  varies  a  good  deal  on  the  different 
ranges,  but  falls  to  its  lowest  point  on  the  Mesaba  range,  on  account  of 
the  large  quantity  of  ore  got  there  by  open  cut.  Indeed,  this  region  has 
been,  for  several  years  past,  the  main  factor  in  determining  the  cost  and 
the  conditions  of  supply  of  Lake  Superior  ores,  has  practically  revolu- 
tionised the  circumstances  of  the  iron  ore  industry  of  the  Unit^  States 
during  that  period,  and  may  be  regarded  as  mainly  responsible  for  the 
low  prices  since  prevailing.  Much  of  the  work  on  the  Mesaba  range 
is  done  by  steam  shovel,  and  the  results  thereby  obtained,  in  the  vast- 
ness  of  the  quantities  handled,  and  the  lowness  of  the  cost  of  production, 
have  marked  a  new  era  in  iron  ore  working.  It  has  been  found  that 
one  steam  shovel  can  load  on  an  average  2,000  tons  a  day,  if  there  is  a 
sufficient  supply  of  cars,  with  a  staff  of  45  men.  Some  years  ago,  these 
men  were  paid  from  1*30  to  r6o  dols.  per  day,  but  within  the  last  year 
or  two  their  wages  have  gone  up  to  between  2  and  2\  dols.  per  day. 
It  was  computed  in  the  early  days  of  the  Mesaba  mines  that  the  ore 
could  be  worked  and  put  on  cars  for  about  15  cents,  or /id.  per  ton,  not 
including  royalty,  or  interest  on  investment,  but  that  figure,  if  it  ever 
was  reached,  is  probably  now  a  thing  of  the  past. 

Ore  Supplies  of  the  U.S.  Steel  Corporation. 

At  my  request,  Mr.  James  Gayley,  the  Vice-President  of  the  United 
States  Steel  Corporation,  who  has  special  charge  of  the  mineral 
properties  of  that  concern,  was  good  enough  to  ascertain  for  me  the 
average  daily  wages  paid  at  their  mines  in  the  different  ranges  of 
Lake  Superior,  and  the  quantities  of  iron  ore  produced  at  underground 
mines  and  at  open  workings,  respectively.     I  asked  for  this  information 
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because  I  deemed  it  to  be  important  to  distinguish  the  proportions  of 
the  total  ore  supply  of  the  Steel  Corporation  that  were  being  worked  in 
the  open  by  steam  shovels  and  by  underground  mining.  The  results 
obtained  are  interesting.  It  appears  that  the  total  quantity  of  ore 
produced  by  the  constituent  mining  coR^>anies  belonging  to  the  cor- 
poration in  the  season  190 1  was  I3,559r795  tons.  Of  this  quantity 
3,227,197  tons  were  produced  in  open  pits,  and  were  presumably  suited 
to  steam  shovel  working,  in  the  Mesaba  range.  Nearly  one-half  of  the 
total  supply,  or  6,311,165  tons  in  all,  was  produced  in  this  range.  The 
remainder  was  distributed  over  the  Vermih'on,  Gogebic,  Menominee 
and  Marquette  ranges  in  the  following  proportions : — 

United  States  Steel  Corporation, — Production   of  Ores  by   Constituent 

Mining  Companies  during  the    Year  1901. 


Range. 

Tons. 

Vermilion           

1,805,516 

Mftfiahi      C  Underground,  3,083.968^ 
MesaDa      ^^OpenPit    ...     3,227,197) 

6,311,165 

Go^^cbic  ... 

1,778,143 

Menominee 

2,178,529 

Marquette          

1,486,442 

JL  0131      ...              ••«              ...              ... 

...        13,559,795 

The  total  output  of  ore  per  employ^  in  and  about  the  mines 
(including  the  open  workings)  was  469  tons  per  day  for  the  under- 
ground, and  2r53  ^^"s  per  day  for  the  open  pits,  so  that  the  open  pits 
produced  per  man  about  360  per  cent,  more  than  the  underground  mines. 
The  average  cost  of  labour  per  ton  in  the  open  pits  was  about  5d., 
and  in  the  underground  mines  about  2s.  The  details  of  output  and 
wages  paid  for  the  several  mines  are  as  under — working  10  hours  per 
day  throughout : — 

United  States   Steel  Corporation. —  Tons  per  Man  per   Day  Produced^ 
and  Average  Daily   Wages  Paid  at  the  Mines  of  Constituent 

Mining  Companies. 

Underground  Mines, 
January  ist   to  October  ist,  1901. 

Tons  per  Man  per  Day.  Average  Daily  Wages. 

Mine  Mine  Labour.    Total  Labour.     Mine  Labour.      Total  L^ibour 

Adains 
Spruce 

Hull 

Rust 

Burt  •*. 

Pillsbury 

Genoa 

Average 


S'32 

4-09 

223  dols. 

2  20  dols. 

4'&> 

4*02 

226    „ 

2-27      „ 

6*01 

471 

2-36    „ 

2-27      „ 

6*05 

4-98 

213    „ 

209  „ 

816 

S*23 

2-17     „ 

2'20      „ 

6*48 

S'oo 

2*33    ,» 

225      „ 

603 

4*8 1 
469 

219    »i 

2-21      „ 

612 

2'24  dols. 

2'2I  dols. 

I) 
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Open  Pit  Mines. 

May   1st  to  October  ist,  1901. 

Tons  per  Man  per  Day.  Average  Daily  Wages. 

Mine.  Mine  Lal>our.  Total  Labour.       Mine  Labour.     Total  Labour. 

Mountain  Iron  40'28  32*37 

Auburn         ...  26.09  20*13 

*Fayal 25*65  21*24 

Duluth  ...  i6*oo  12*39 

Average  27*01  2153 

Mr.  Gayley  was  also  so  kind  as  to  procure  for  me  the  following 
statement  of  the  possible  output  of  the  open  pits  of  the  Steel  Corpora- 
tion, showing  that  it  was  possible  to  have  produced  from  such  sources 
of  supply  about  2,506,000  tons,  or  ^^  per  cent,  more  had  the  ore  been 
needed  : — 


2*07  dols. 
2*16    „ 
2*08    „ 
2-04    „ 

2*12  dols. 

2-15    ,. 
2-i8    „  . 

2*04    „ 

2  09  dols. 

2*12  dols. 

Ore  which  could  have 

been  Produced  by  Open 

Pit 

Mines  in  t/te 

Season   1901. 

Mine. 

Tons. 

Duluth  Mine 

... 

•••               •••               •••               •••               ••• 

•  •  • 

200,000 

Mountain  Iron 

... 

•••               •••               •••               ••• 

•  •  • 

1,791,098 

Virginia  Mines 

.  •  • 

«••               •••               •••               •••               ••• 

•  •  • 

886,414 

Aetna 

... 

-•-               •••               •»•               •••               ••• 

■  •  • 

125,000 

Fayal 

... 

•••                                   •••               ■■•               -•- 

•  •  • 

1,500,000 

Auburn 

. , 

•••               •••               •••               •••               •■• 

•  •  • 

500,000 

Sauntry-Alpena 

•  •  • 

•••               •••               •••               •••               ••• 

500,000 

Mahoning  ... 

... 

•••               •••                ...               •••               ••■ 

•  •  • 

156,000 

Biwabik 

... 

•••               •••               ••*                                   ••• 

Total     ... 

•  •  • 

•  •  • 

75,000 

• 

5,733,512 

F*rom  these  figures  it  may  be  inferred  that  the  United  States  Steel 
Corporation  has  not  reached  the  possible  limits  of  economical  ore 
production.  It  appears  to  have  been  content  to  pay  2s.  per  ton  for 
the  labour  cost  of  producing  more  than  2^  million  tons  of  ore  which 
could  apparently  have  been  mined  at  about  one-fourth  of  that  amount. 
Put  in  another  way,  it  would  seem  as  though,  by  substituting  the  open 
pit  iron  ore  that  was  available  for  the  underground  supplies  actually 
worked,  they  could  have  secured  the  same  quantity  of  ore  for  about 
;f  187,000  less — that  is,  assuming  that  the  labour  cost  per  ton  of  quar- 
ried ore  remained  the  same.  No  doubt,  however,  this  problem  was 
affected  by  other  considerations,  such  as  the  relative  conditions  of 
demand    for    basic   and   acid  iron,  the  requirements   of  mixtures,  etc. 

Character  and  Extent  of  Lake  Ores. 

A  good  deal  has  been  said  as  to  the  unique  character  and  vast 
extent  of  the  lake  ores.  To  a  great  extent  all  that  has  been  said  is 
more  or  less  true,  but  we  have  already  seen  that  many  mines  had 
to  be  abandoned,  so  that  the  cost  of  working,  in  relation  to  the  capita! 
invested,  must  be  considerable,  and  it  is   no    secret    that    in    some   of 

♦  F'or  months  of  July  and  August.  Started  in  July  to  separate  Underground  and  Open 
Pit  costs. 
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the  ranges  the  quantity  of  workable  ore  left  is  by  no  means  large. 
On  this  point,  I  cannot,  probably,  do  better  than  quote  the  recent 
remarks  of  a  correspondent  of  the  Iron  Age : — 

"  While  the  deposits  of  the  lake  region  have  often  been  charac- 
terised as  inexhaustible,  that  term  must  be  taken  as  merely  relative. 
What  seemed  without  limit  when  the  production  of  the  region  was  a 
few  million  tons  a  year  is  very  different  when  set  against  a  production 


United  States. 


of  20/300,000  tons  or  more.  It  is  not  impossible  that  the  20,000,000-ton 
mark  is  being  passed  not  to  be  receded  upon  except  in  unusual  years. 
It  was  28  years  after  shipments  began  from  the  historic  Jackson  pit 
that  the  sum  of  the  business  of  the  lake  district  reached  the  figure 
of  the  present  year.  It  was  but  five  years  ago  that  the  total  reached 
10,000,000  tons  per  annum.  Now  the  volume  of  business  is  almost 
double  that. 

"  The   fancy   Bessemer   ores   of  the   older   ranges,    excepting    the 
Gogebic  and  new  Vermilion  fields,  arc  practically  gone.  On  the  Mesaba, 
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whatever  may  have  been  said,  the  far  greatest  share  of  desirable 
Bessemers  is  included  in  the  limits  of  one  township,  or  close  to  its 
edge.  The  Menominee  range  has  little  Bessemer  ore,  nearly  all 
coming  from  the  Aragon,  I.^retto  and  Pewabic  mines.  On  the  Mar- 
quette the  once  famous  Lake  Angeline  mine  is  fast  nearing  the  end 
of  its  fine  Bessemer  ores,  and  there  remain  but  a  few  years  more 
of  their  production.      All  the  mines  of  the  Oliver  Company  on  that 


KIG.  13.— Skbi^h  Map 


range  arc  now  classed  as  non-Bessemer,  and  the  Cleveland  Cliffs  are 
disappointingly  light  in  their  Bessemer  production.  The  ore  bodies 
under  Lake  Angeline  are  not  furnishing  the  percentage  of  high  grade 
ores  that  was  expected.  Explorations  on  the  range  are  showing  few 
Bessemer  deposits.  On  the  Gogebic  one  company  controls  four-fifths 
of  the  deposits,  if  one  may  judge  by  the  production,  and  a  large  share 
of  the  rest  is  off  the  market.      Explorations  around  the  old   Comet 
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and  the  Puritan,  Federal  and  Jackpot  group  are  said  to  be  producing, 
good   results    and    there   are  hopes  of  some  considerable  tonnage  in 
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that  section.  On  the  Vermilion,  the  original  mine,  the  hard  ore 
property  at  Tower  is  now  practically  a  producer  of  non-Bessemer  ores 
exclusively.  The  Chandler  is  reducing  its  output,  and  in  a  very  few 
years  will  be  exhausted.  The  new  mii)jes  of  the  Oliver  Company  are 
large  properties  and  are  growing  larger,  but  they  have  no  effect  on  the 
general  situation,  as  their  ores  are  of  a  class  that  the  Carnegie  Steel 
Company  will  retain  for  their  own  use.  On  the  Mesaba  there  have 
been  some  satisfactory  explorations  during  the  year,  but  the  chief  fact 
resulting  from  the  immense  activity  on  the  range  is  that  its  stores  of 
low  grade*  non-Bessemers  are  very  much  in  excess  of  its  fancy  ores. 
There  have  been  found  very  large  deposits  of  lean  ores  and  of  ores 
high  in  phosphorus  or  of  ores  so  fine  and  dusty  that  they  are  discrimi- 
nated against,  but  of  high  grade  desirable  Bessemers  the  discoveries 
can  be  counted  quickly.  It  would  appear  that  the  larger  deposits  of 
the  range  have  been  found,  and  that  subsequent  work  will  discover 
smaller,  perhaps  more  inaccessible  and  less  valuable  deposits." 

Iron  Ore   Prices. 

Over  the  last  30  years  the  quoted  prices  of  Lake  Superior  ores  have 
varied  enormously.  In  1873,  the  quoted  price  of  Bessemer  ore  at  the 
mine  was  as  high  as  12  dols.  per  ton,  and  in  1898  it  had  fallen  to 
2*35  dols.  Basic  ores  take  a  somewhat  lower  range  of  values.  The 
following  tabular  statement  of  the  prices  of  Bessemer  ore  in  various 
seasons,  taken  from  a  Report  issued  by  the  Commissioner  of  Mineral 
Statistics '  for  Michigan,  shows  the  average  prices  of  ore  previous  to 
1893,  ^^^  ^^^  minimum  and  maximum  sale  prices  since  then,  at  the 
mine  : — 

Year.  Price.  Year.  Price. 

1856 

M  OwV  •••  •••  •■• 

1873  

1876 

1 00 1  .•■  ...  ... 

I  ooo  ...  ...  ••• 

mOOm  ...  ...  ••■ 

1 000  ...  ...  ... 

1889  ...  ...  .    . 

To  the  above  tabic  I  add  the  following  quotations,  maximum  and 
minimum,  for  the  years  1899,  1900  and  1901,  as  recorded  in  the  annual 
reports  of  Mr.  Swank  to  the  American  Iron  and  Steel  Association  : — 

Average  Prices  of  Ores. 
Year.  Maximum.  Minimum. 

1899  ...  ...  350  dols.         ...         190  dols. 

X900  ...  ...  648     „  4*oo     „ 

1901  ...  ...  492     „  ...         235     „ 

Some  Features  of  Lake  Iron  Ore  Supplies. 

The  great  bulk — probably  quite  three-fourths — of  all  the  iron  ore  pro- 
duced in  the  Lake  Superior  ranges,  is  got  from  underground  workings, 
and  wc  have  already  seen  that  in  the  case  of  the  mines  of  the  Steel 
Corporation  the  labour  cost  of  such  ore  is  2s.  per  ton.     To  this  sum 


S'oo  dols. 

1890 

950    - 

I89I 

1200     „ 

1892 

675     V 

1893 

900    „ 

1894 

550       n 

1895 

725       . 

1896 

5-50       V 

1897 

550       „ 

1898 

•  •  • 

675  dols. 

.    . 

6'oo     „ 

•  •  • 

5-50     „ 

4*oo  dols. 

to  4-50     „ 

2  SO     „ 

to  275      „ 

275     ,. 

to  3*50     „ 

315     „ 

to  4*50     „ 

2*40     „ 

to  318     „ 

2-3S     ., 

to  3*65      ,, 

lt>  a  hiylicr  figure  in  maiij-  cases.  Here,  then,  we  liave,  under  the  most 
favourable  conditions  of  underground  working,  4^.  6d,  per  ton  as  the 
cost  of  ore  at  the  mine,  without  recknning  anything  for  the  redemp- 
tion of  capital,  which,  in  the  case  of  these  mines,  should  generally 
be  taken  at  a  pretty  high  figure,  and  probably  at  nearly  another  shilling 
I»er  ton. 

I   have  analysed  the  statistics  of  Lake  Superior  iron  ore  prices  at 
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Cleveland,  over  each  of  the  years  1899,  1900,  and  1901,  as  given  by  ray 
friend,  Mr.  James  M.  Swank,  in  his  admirable  Annual  Reports  to  the 
American  Iron  and  Steel  Association.  The  average  minimum  price  of 
the  six  leading  descriptions  at  Lake  Erie  ports  works  out  at  lis.  2d. 
for  1899,  22s.  3d.  for  1900,  and  i8s.  for  1901  ;  the  average  for  the  three 
years  having  been  about  17s.  ijd.  per  ton.  This  ore,  however,  has  to 
be  transported  greater  or  less  distances  from  Lake  Erie  ports  to  the 
blast  furnaces  of  Youngstown,  Pittsburg,  the  Valleys,  or  elsewhere,  at 
a  cost  that  will  probably  not  be  less  than  3s.  per  ton,  taking  one  locality 
with  another,  and  thus  we  arrive  at  an  average  of  approximately  20s. 
per  ton  of  ore  delivered  at  the  furnaces  for  the  same  period. 

There  is  another,  and  probably  a  more  exact,  way  of  dealing  with 
this  matter  of  ore  cost.  Up  to  a  few  years  ago,  the  Mesaba  ores 
occupied  a  relatively  inferior  place  as  a  source  of  supply.  To-day  they 
are  paramount.  In  1900,  the  total  quantity  of  Mesaba  ore  sent  from 
the  Superior  region  was  close  on  8,000,000  tons,  or  more  than  double 
the  quantity  of  only  four  years  before.  In  1897,  34  per  cent,  of  all 
the  ores  shipped  from  Lake  Superior  was  of  the  Mesaba  variety.  In 
1900,  the  percentage  of  Mesaba  ores  was  41  per  cent.  It  is  proper, 
therefore,  to  recognise  the  growing  importance  of  the  Mesaba  ores 
as  a  source  of  supply,  and  this  the  more  that  they  are  the  cheapest 
in  the  United  States  on  a  large  scale.  Analysis  of  the  Mesaba  prices 
for  the  last  three  years  from  the  same  source,  gives  an  average  of 
13s.  4d.  per  ton  delivered  at  Lake  Erie  ports,  which  is  equivalent  to 
i6s.  4d.  per  ton  at  the  blast  furnaces. 

Conditions  and  Extent  of  Output. — The  distinguishing  physical 
conditions  of  the  Mesaba  ore  make  it  difficult,  although  perhaps  not 
impossible — on  this  point  I  heard  various  opinions  and  experience 
stated — to  make  use  of  it  in  the  furnace  to  the  extent  of  more  than 
40  per  cent,  or  so  of  the  total  ore  charge.  Hence  it  is  necessary  for  all 
smelters  using  this  ore  to  mix  it  with  the  less  pulverulent  ores  of  the 
Marquette  and  other  ranges.  This  tends  to  an  increase  of  price,  as  no 
other  range  produces  ore  so  cheaply  as  Mesaba,  and,  indeed,  at  no  other 
range  is  steam  shovel  mining  employed. 

In  the  foregoing  estimate  of  the  cost  of  iron  ores  delivered  at 
Pittsburg,  I  have  taken  the  lowest  cost  of  deep  mining  that  I  have 
heard  of.  On  the  other  ranges  the  cost  is  usually  much  greater. 
Some  of  the  mines  are  worked  at  a  depth  of  600  to  800  ft,  and 
m  a  number  of  cases.  Blake  or  other  crushers  are  used  to  reduce  the 
size  of  the  lumps,  which  are  often  30  in.  by  33  in.  The  Menominee 
range  has  some  special  advantages.  The  ores  are  cheaply  worked, 
although  less  so  than  the  Mesaba  open  cut ;  the  royalty  is  low  (only 
3d.  per  ton),  the  railway  rate  to  a  shipping  port  is  2s.,  against  3s.  4d. 
from  Mesaba,  and  the  lake  freight  to  Lake  Erie  ports  is  also  less 
than  from  the  other  upper  lake  shipping  places.  Nevertheless,  the 
number  of  mines  has  not  of  late  years  increased.  Almost  the  only 
mine  of  any  real  importance  in  the  range  is  the  Chapin,  which  I  have 
visited.  It  produced  930,000  tons  in  1900.  Only  seven  mines  on  that 
range  produce  over  100,000  tons  a  year  each. 

Next  to  the  Mesaba  range  in  point  of  importance  and  output 
stands  the  Marquette,  which   attained   its   maximum   output  in    1899 
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with  3,757,000  tons,  and  which  up  to  the  end  of  1900  had  produced 
a  grand  total  of  59,592,000  tons  from  first  to  last,  compared  with 
31400,000  tons  by  the  Mesaba,  31,016,000  tons  by  the  Menominee, 
15,191,000  tons  by  the  Vermilion,  and  31,216,000  tons  by  the  Gogebic 


ranges.  In  1890,  when  I  spent  some  days  in  examining  this  range, 
there  were  35  mines  in  operation,  whereas  in  1900  the  number  had 
been  reduced  to  22.  I  can  well  remember  my  late  friend,  Dr. 
Mackenzie,  who  had  a  large  interest  in  the  Republic  mine  on  this 
range,  telling  me,  more  than  20  years  ago,  of  the  vast  profits  then  being 
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made  when  the  ore  raised  was  selling  at  30s.  to  355.  per  ton.  When^ 
with  my  American  colleagues,  I  took  the  members  of  the  Iron  and 
Steel  Institute — of  which  I  was  then  the  general  secretary  —  to 
Marquette  in  1900,  we  were  shown  over  mines  which  remain  the 
chief  producers  to  this  day.  Two  of  them  eclipse  all  others — the 
Cleveland  Cliffs,  with  an  output  of  881,000  tons  in  1900,  and  the  Lake 
Superior,  with  an  output  in  the  same  year  of  709,000  tons.  The 
total  output  of  this  ratigfe  in  1900  was  3,457,000  tons,  about  50  per  cent. 
of  which  was  of  so-called  Bessemer  quality.  Nearly  all  the  mines  here 
are  held  in  fee  simple. 

On  the  Great  Lakes,  the  opening  and  closing  of  the  navigation 
season — that  is  to  say,  the  time  over  which  ore  can  be  shipped — 
varies  considerably.  Over  the  period  1885- 1900,  the  earliest  opening 
was  April  nth,  in  1898,  and  the  latest  May  nth,  in  1888,  while  the 
earliest  closing  was  November  29th,  in  1885,  and  the  latest  December 
31st,  in  1888.  It  will  be  noted  that  the  navigation  season  only  lasts 
from  six  to  seven  months,  and  hence  consumers  of  iron  ores  have  to 
store  a  supply  sufficient  to  last  over  the  period  when  the  navigation 
of  the  lakes  is  no  longer  possible. 

Perhaps  the  most  wonderful  thing  about  the  supplies  of  iron  ore 
to  American  blast  furnaces  is  the  low  cost  of  transport,  having 
regard  to  the  distances  covered,  both  absolutely  and  relatively.  If 
we  assume  the  average  cost  of  transport  from  the  mines  in  any 
one  of  the  Lake  Superior  ranges,  to  the  blast  furnaces  in  Penn- 
sylvania, Ohio,  or  Illinois  to  be  150  dols.,  or,  say,  6s.  3d.  per  ton,  this 
will  only  represent  a  little  over  r2d.  per  unit  on  a  60  per  cent,  ore, 
which  may  be  taken  as  typical,  while  if  we  assume  the  correspond- 
ing average  cost  from  Bilbao  to  the  blast  furnaces  in  South  Wales 
or  Middlesbrough  at  6s.  for  an  average  48  per  cent,  ore,  the  transport 
per  unit  works  out  at  ijd.  In  Great  Britain,  the  transportation 
cost  of  local  ores  will  not  exceed  an  average  of  is.  6d.,  or,  assuming 
an   average  of  35   per  cent,  of  iron,  about  jl)d.  per  unit. 

The  present  minimum  costs  of  mining  Lake  Superior  ores,  by 
pits,  and  delivering  at  Pittsburg,  may  be  approximately  as  under  : — 


£ 

S. 
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17 
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In  the  above  figures  I  have  assumed  that  the  railway  rate  from 
Cleveland,  or  other  Lake  Krie  port,  to  Pittsburg  is  not  the  figure 
at  which  the  Carnegie  Steel  Company  claim  to  carry  the  traffic, 
but  the  actual  rate  paid,  as  I  am  informed,  by  the  American 
Steel  and  Wire  Com[)any.     I  have  taken    the  royalty  at  an  average 
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and  not  at  the  highest  figure,  and  the  lake  freight  is  taken  at  a 
medium,  and  not  at  either  the  highest  or  lowest  quotations. 
Indeed,  it  is  hardly  to  be  expected  that,  on  an  average  of  years, 
the  lake  freight  will  fall  much,  if  any,  under  4s.  for  an  average  distance 
approaching  800  miles.  Interest  on  capital  and  redemption  are  the 
two  most  doubtful  figures. 

While  the  cost  of  mining  on  the  Mcsaba  range  is  materially  less 
than-that  of  either  of  the  other  ranges,  this  difference  is  not  all  clear 
gain  to  the  mine-owner.  The  cost  of  transportation  to  Lake  Erie 
ports — the  great  distributing  centres^s  generally  about  2s.  6d.  per 
ton  m  favour  of  Marquette  and  Menominee  ranges,  while  the  Mesaba 
Hline-owners  have  to  pay  from  is.  to  2s.  per  ton  royalty,  from  which 
many  mine-owners  on  other  ranges  are  free,  owing  to  their  ownership 
of  the  freehold. 

There  are  material  differences  in  the  cost  of  bringing  the  ores  of 
the  several  Lake  Superior  ranges  to  their  principal  markets,  which 
count  in  the  ultimate  cost  of  the  product.     Usually  there  has   been  a 


difference  of  55  to  60  cents  per  ton  in  favour  of  the  Menominee  and 
Marquette  ranges. 

Of  the  ore  produced  in  the  Marquette  region  in  a  recent  year 
about  60  per  cent,  was  computed  to  be  non-Bessemer.  On  the 
Menominee  range  almost  the  whole  of  the  ore  output  is  non-Bessemer. 
The  Gogebic  range  produces  ores  that  are  practically  all  Bessemer. 
The  bulk  of  the  ores  of  the  Mesaba  range  are  non-Bessemer. 

In  1895,  when  Bessemer  ores  were  selling  at  Lake  Erie  ports  at 
2  dollars  30  cents  to  2  dollars  50  cents,  the  non-Bessemer  had  sold  at 
I  dollar  75  cents.  In  other  words,  a  great  deal  of  non-Bessemer  ore 
was  then  selling  at  a  loss.  It  was  then  possible  to  deliver  these' ores 
in  the  Lehigh  and  Schuylkill  valleys  in  Eastern  Pennsylvania  for  about 
S  cents  per  unit  of  metallic  iron. 

In  the  case  of  the  Biwabik  mine  three  steam  shovels  last  year 
minted  from  its  natural  bed,  in  day  shifts  alone,  915,000  gross  tons  of 
ore.  In  a  single  month  205,000  tons  were  produced,  and  in  a  ten  hours' 
shift  5,365  tons.  These  are  probably  the  largest  yields  that  have 
been  got  in   the   history  of  iron  ore   mining.      The   sketch   attached 
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hereto  (KJg.  20)  shows  the  principal  features  of  the  mine,  which  consists 
of  three  40-acre  tracts  of  land. 

Extent  of  Supplies. 

It  would  clearly  be  a  matter  of  considerable  importance  to 
ascertain,  if  it  were  possible,  how  long  the  existing  ascertained  iron 
ore  resources  of  the  Lake  Superior  region  are  likely  to  last  at  the 
present  rate  of  consumption.  This,  however,  it  is  almost  impossible 
to  compute  with  approximate  accuracy.  To  begin  with,  the  con- 
sumption is  increasing  very  rapidly,  and  appears  likely  to  continue 
to  do  so.  Since  1890,  the  output  of  Lake  Superior  ores  has  more 
than  douUed — in  other  words,  it  has  increased  from  about  9,000,000 
to  more  than  20,000,000  tons.  If  it  should,  as  is  very  probable, 
10,000,000  tons    during  the  next  ten  years,  it  would  be 
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about  30,000,000  tons  in  1910.  This  is,  of  course,  an  enormous  drain 
on  the  more  or  less  limited  resources  of  the  already  largely  exhausted 
older  ranges.  The  principal  source  of  supply,  and  the  chief  hope 
of  the  American  iron  trade  in  the  future,  is  the  Mesaba  field.  The 
utmost  quantity  computed  to  have  been  available  in  that  field  from 
first  to  last  is  500,000,000  tons.  That  is  the  very  sanguine  figure 
adopted  by  Mr.  H.  V.  VVinchell,*  who  is  very  familiar  with  the  region, 
and  an  authority  on  its  resources.  But  of  that  estimate,  about 
40,000,000  tons  had  been  worked  to  the  end  of  1901.  It  is  probable 
that  during  the  next  ten  years  150,000,000  more  will  be  taken  out, 
assuming  an  average  of  15,000,000  tons  a  year  for  the  whole  period. 
*  Trans.   F«l.  Insl.  Min.  V.ng.   1S96-97.  ]■.  544. 
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This  would  leave  little  more  than  30o,ocx),ooo  tons,  dating  from  1912^ 
and  if,  subsequent  to  that  year,  the  consumption  is  assumed  to  be, 
say,  20,000,000  tons  a  year,  the  whole  field  would  only  have  a  further 
life  of  15  years,  or   approximately   25   years  from  the  present  time.. 


These  are  not  only  not  improbable,  but  they  are  even  likely  figures;, 
and  they  may,  and  in  the  opinion  of  some  authorities  will,  be  con- 
siderably exceeded. 

While  this  hypothesis  appears  to  di.spose  of  the  supremacy  of  the- 
Lake  Superior  ranges,  it  is  not  intended  to  convey  the  impression  that 
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the  end  of  that  supremacy  will  involve  the  finish  of  the  available  ores 
of  the  United  States.  It  would  be  rash  to  assume  that  the  extent 
of  such  ores  has,  as  yet,  been  ascertained.  Apart  from  the  enormous 
known  supplies  in  Alabama,  Tennessee,  Kentucky,  and  other  of  the 
Southern  States,  new  fields  are  constantly  coming  to  light  in  other 
regions.  A  friend  of  my  own,  who  is  an  owner  in  the  Lebanon 
furnaces  and  Cornwall  mines  in  Pennsylvania,  has  tald  me  of  vast 
deposits  in  New  Mexico,  only  just  beginning  to  be  worked,  which  he 
has  himself  examined.  Some  time  ago,  when  travelling  through  the 
territory  of  Oklahoma,  I  was  shown,  at  Guthrie,  some  specimens  of 
iron  ore  taken  from  what  I  was  informed  was  a  very  extensive  deposit 
close  at  hand,  not  then  or  yet  touched.  And  considerable  ore  bodies 
are  known  to  exist  in  the  Western  and  other  States — so  much  so  as 
to  justify  the  anticipation  that  the  future  should  witness  a  material 
development  of  the  American  iron  industry  both  in  the  West  and  on 
the  Pacific  slope. 

Southern  Iron  Ores. 

We  have  already  seen  that,  next  to  the  ranges  of  Lake  Superior, 
the  chief  iron  ore-producing  State  is  that  of  Alabama,  and  the  supply 
of  this  State  is  mainly  obtained  in  the  Birmingham  district,  which  I  visited 
with  my  colleagues. 

The  ore  supply  of  the  Birmingham  district  is  principally  derived 
from  the  red  fossiliferous  ores  of  Red  Mountain.  The  vein  carry- 
ing this  ore  is  about  20  ft.  thick  at  the  out-crop,  and  extends  under 
cover  at  an  angle  of  from  15  to  20  degrees  from  the  horizontal  to  an 
unknown  depth.  Some  of  the  slopes  in  the  district  have  been  driven 
down  a  distance  of  1,000  ft.  from  the  out-crop,  and,  so  far  as  they 
have  gone,  no  deterioration  of  the  quality  or  diminution  of  the  size 
of  the  vein  occurs,  and  no  indications  point  in  cither  direction.  Red 
Mountain  carries  this  vein  of  like  good  quality  and  thickness  for  a 
distance  of  10  miles  north-east,  and  15  miles  south-west  of  Birmingham. 

Mining  ore  in  the  district  is  carried  on  chiefly  by  the  companies 
manufacturing  pig  -  iron,  or  by  contractors  working  on  company 
property.  There  are,  however,  about  40  independent  operators  in 
the  district,  who  mine  ore  from  their  own  lands  and  sell  to  the  furnace 
companies. 

The  production  of  iron  ore  in  the  State  of  Alabama,  about  90 
per  cent,  of  which  was  mined  in   the  Birmingham   district,  was : — 

In  1880        ...  ...  ...        171,136  tons. 

„  1885  ...  ...  .••  505»^^^^  >» 

„  1890  ...  ...  ...  i»897,8is  „ 

1895  ...  ...  ...  2,199,390  ,. 

1899  ...  ...  ...  2,627,000  ., 

„  1900  ...  ...  ...  2,759,247  „ 

Canadian  Iron  Ores. 

During  1900  the  new  and  highly  important  iron  ore  field  of 
Michipicoton  was  opened  on  Canadian  territory,  on  the  N.E.  shore 
of  Lake  Superior.  The  ore  is  largely  non-Bessemer  and  of  rather  low 
grade.     Between   Michipicoton  and  the  Lake  of  the  Woods  is  another 
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new  iron  ore  range,  also  in  Canadian  territory,  known  as  the  Atikokan, 
which  is  said  to  be  full  of  promise  ;  it  is  a  magnetite,  very  low  in 
phosphorus,  and  it  is  said  that  arrangements  have  been  made  for  its 
delivery  at  docks  to  l>e  constructed  by  the  Ontario  and  Rainy  River 
Railroad  at  less  than  the  rate  now  charged  from  the  Vermilion  range 
to  the  lake. 

Turning  our  attention  to  the  Eastern  Provinces  of  Canada,  the 
cost  of  mining  the  Belle  Isle  ore  is  stated  to  be  less  than  30  cents 
a  ton,  and  its  shipment  to  Sydney  is  stated  at  25  cents  per  ton.  The 
miners  are  paid  12J  cents  per  hour.  The  cost  of  shipment  to  Europe 
of  the  Sydney  pig  has  been  computed  at  about  a  dollar  per  ton,  but 
it  is  likely  to  be  a  good  deal  more  than  this  taking  one  year  with 
another.  The  conditions  for  shipment  at  the  northern  end  of  the 
island  are  favourable  to  economy.  The  laden  cars  run  down  an  incline 
to  a  recently-erected  pier,  where  they  are  automatically  unloaded,  either 
into  the  "  pockets  "  constructed  in  the  pier,  or  into  the  ship*s  hold. 

The  Wabana  mine  in  1900  passed  into  the  possession  of  the 
Dominion  Iron  and  Steel  Company.  This  corporation  purchased  the 
property  for  1,000,000  dols.,  in  order  to  have  in  it  a  supply  of  ore  for 
the  works  they  have  erected  at  Sydney,  Cape  Breton.  The  company  had 
already  acquired  control  of  most  of  the  coal  mines  in  Cape  Breton,  and 
limestone  abounded,  so  that  they  had  two  important  constituents  right 
at  hand.  The  third,  hematite  iron  ore,  was  provided  by  the  acquiring 
of  the  Wabana  mine.  Belle  Isle  is  400  miles  from  Sydney,  with  a 
continuous,  unobstructed  deep  water  passage  from  one  point  to  the 
other,  the  ore  running  into  the  steamer's  hold  from  the  pier  at  Wabana 
and  being  hoisted  out  at  the  pier  at  Sydney,  only  a  few  yards  from  the 
blast  furnaces.  Sydney  is  a  deep  water  port,  2,100  miles  from  England, 
New  York  being  3,100  miles.  Taking  into  account  the  railroad  freights 
to  the  sea- board  of  the  United  States,  as  well  as  the  increased  cost  of 
ocean  transfer,  it  was  not  unnaturally  expected  that  the  product  of  the 
Sydney  works  would  be  able  to  undersell  that  of  any  American 
competitor  in  the  iron  centres  of  Europe.  This  anticipation  has  to  a 
certain  extent  been  justified,  but  it  must  be  remembered  that  the 
Canadian  pig  is  bounty-fed,  and  that  commercially  the  results  have  not 
been  entirely  satisfactory  to  the  company. 


Methods  of  Mining  on  the  Mesaba. 

The  illustrations  that  accompany  this  section  include  those  of  the 
system  of  caving  on  the  Mesaba  range  (Fig.  14) ;  of  the  steam  shovel 
method  of  mining  (Fig.  15)  ;  of  an  open-cut  mine  as  worked  by  the 
milling  system  (Fig.  16);  and  of  the  milling  .system  (Fig.  17);  of  a 
drift  ready  to  cave  (Fig.  18);  and  of  the  steam  shovel  as  applied  to 
Mesaba  iron  ore  mining  (Fig.  19).  A  map  of  the  workings  of  the 
Biwabik  mine  on  Mesaba  range  is  given  in  F*ig.  20 ;  and  the  methods 
of  working  at  the  Chapin  mine  are  illustrated  in  Figs.  21  and  22. 


CHAPTER    IV. 

Mineral  Royalties  in  the  United  States. 

I  HAVE  fcrdnd  a  prevalent  idea  among  my  own  countrymen  that  they 
are  burdened  with  an  incubus,  in  the  form  of  heavy  royalty  rents, 
which  is  not  nearly  so  heavy  or  so  onerous  in  other  countries,  and 
least  of  all  in  the  United  States.  With  other  countries  I  do  not  pro- 
pose to  deal,  but  it  is  necessary,  I  think,  to  put  it  on  record  that  in 
the  United  States  royalties  are  now  general,  and  that  in  some  cases 
they  are  exceptionally  heavy.  The  main  difference  between  the 
United  States  and  our  country  in  this  respect  appears  to  be  that  the 
American  mine-owner  is,  in  a  much  larger  proportion  of  cases  than 
with  us,  not  infrequently  the  freeholder,  so  that  he  is  not  called  upon  to 
pay  royalty,  or  any  equivalent  for  royalty,  excepting  the  redemption 
of  the  price  paid  for  the  freehold,  which,  in  several  cases  within  my 
knowledge,  has  been  so  considerable  as  to  represent  a  very  material 
royalty  rent  indeed.  Moreover,  the  freeholder  who  has  paid  a  large 
price  for  his  freehold  always  runs  the  risk  of  the  more  rapid  exhaus- 
tion of  the  corpus  than  was  anticipated  when  he  embarked  on  an  enter- 
prise that  is  usually  hazardous  and  uncertain. 

Iron  Ore  Royalties. 

In  the  United  States  it  is  generally  and  increasingly  the  practice  of 
mineral  workers  to  pay  royalty  rents  to  the  owners  of  the  soil,  to  whom 
the  right  to  make  such  charges  is  given  by  the  State.  The  payments 
made  or  charged  under  this  head  vary  from  4d.  to  2s.  per  ton. 
Great  fortunes  have  been  made  by  not  a  few  men  in  consequence  of 
having  bought  in  the  wilderness,  at  nominal  prices,  unreclaimed  land 
under  which  minerals  were  afterwards  found,  the  buyer  either  selling 
outright  to  mineral  workers  or  charging  royalties.  This  specially 
applies  to  the  Lake  Superior  regions  of  Mesaba,  Gogebic,  Marquette, 
and  Vermilion. 

The  following  examples  of  the  tendency  to  an  appreciation  of  the 
value  of  royalties  refer  to  the  Mesaba  range,  and  were  given  in  the 
Iron  Age  some  years  ago,  but  it  may  be  noted  that  since  then  that 
tendency  has  become  more  accentuated  : — 

"  The  Wright  and  Davis  leases  are  30  cents  a  ton,  and  the  others 

are   at   figures  that    average    about  27  cents As  showing 

the  value  to  the  owners  of  these  tracts,  may  be  instanced  a  40-acre  piece 
of  ground  belonging  to  W.  R.  Burt  and  leased  to  the  Lake  Superior 
at  30  cents  a  ton.  Careful  test  borings  and  pittings  have  shown  that  a 
total  of  i5,ooo,0(X)  tons  is  not  too  much  to  be  placed  on  the  property, 
much  of  which  is  said  to  be  Bessemer  ore.  The  term  of  this  lease, 
like  most  of  the  others  in  the  region,  is  20  years,  and  it  would  not  be 
too  much  to  say  that  3,000,000  dols.  will  be  received  by  the  owner  of 
this  small  tract  before  the  ore  is  mined  out 
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"  For  the  lands  of  the  great  Adams  mine  ....  the  company 
are  to  pay  a  royalty  of  35  cents  after  the  first  two  years'  work.  .  ,  The 
Biwabik,  with  not  less  than  20,000,000  tons  of  ore  in  all  probability,  is 
owned  by  a  syndicate  of  Chicago  lumbermen,  and  is  leased  at  50  cents 
a  ton,  of  which  the  fee  owners  get  about  half.  They  arc  also  owners 
of  the  fee  of  additional  mines  on  the  east  part  of  the  range  that  wi|l 
likely  increase  their  deposits  of  merchantable  ore  materially.  Hill  & 
Bliss,  of  Saginaw,  have  mines  on  the  same  part  of  the  range  from  which 
they  have  taken  100,000  dols.  as  a  bonus,  retaining  the  fee,  which  it 
is  supposed  will  nett  them  several  millions  during  the  term  of  lease. 
C.  W.  Yawkey,  of  Detroit,  is  owner  of  the  fee  of  the  Commodore  and 
other  mines  being  explored  by  A.  E.  Humphries  and  others,  on  which 
the  deposits  of  ore  run  far    above    10,000,000  tons,  in  all  probability. 

"  The  Auburn  mine  of  the  Minnesota  Iron  Company  was  bought 
originally  from  the  C.  N.  Nelson  Lumber  Company,  and  the  company 
retain  the  fee,  getting  a  royalty  of  25  to  30  cents.  For  the  lease  of 
this  mine  and  the  lands  held  under  by  the  same  deal  the  Minnesota 
Iron  Company  paid  a  bonus  of  not  far  from  400,000  dols." 

The  remarkable  differences  in  the  range  of  iron  ore  royalties  in 
the  Lake  Superior  region  are  indicated  in  the  following  statement  of 
the  actual  royalties  paid  in  the  cases  of  ten  Mesaba  mmes  : — 

Actual  Royalties  on  Mesaba  Ores, 

Mine.  Royalty. 

Auburn  (Iron  King)     ...         ...         ...     30  cents. 

Biwabik  ...         ...  ...  ...     50 

Vm^  cl  1 1 C  v/l  !■••  •••  ••■  ■■•  •■•  N  •« 

Franklin...         ...         ...  ...  ...       o 

Hale  ''o 

Minnewas  ...         ...  ...  ...  25 

Vega  (at  Eveleth)  ..  ...  ...       o 

Mesaba  Mountain  (Oliver)  ...  ...  50     „ 

Mountain  Iron  ...  ...  ...  ...       o     ., 

▲^ viriiiciii  ...  ...  ...  ...  ...       "S      )« 

On  the  Menominee  and  Marquette  ranges,  the  mine-owners 
generally  control  the  fee  simple  of  the  mineral  areas  and  pay  no 
royalty.  On  the  Mesaba  range,  however,  the  royalty  payment  usually 
ranges  from  20  to  25  cents,  the  land  not  being  owned  by  the  mineral 
operators. 

Sliding  Scaie  Royalties. 

The  Cleveland  Cliffs  Iron  Company,  which  controls  over  50,000 
acres  of  land  in  the  Lake  Superior  iron  ore  district,  some  years  ago 
announced  a  new  schedule  of  royalties,  to  take  effect  on  all  those 
portions  of  the  lands  under  its  control  which  were  thrown  open  for 
option  and  lease  at  that  time.  The  old  schedule  was  nominally 
30  cents  for  non-Bessemer,  40  cents  for  Bessemer,  and  50  cents  for 
the  higher  grade  of  Bessemer  ores.  The  company  gave  as  its  reason 
for  reduction  the  lower  range  of  values  in  the  iron  industry,  and  a 
consideration  of  the  fact  that  the  rates  formerly  in  force  were  estab- 
lished at   a   period  when  prices  were    high.      The  sliding    scale   was 
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ostensibly  adopted  because  it  was  believed  to  constitute  the  fairest 
possible  plan.  Royalties  were  to  be  based  on  Cleveland,  or  rather 
Lake  Erie  port,  prices,  whether  governed  by  the  market  or  by  actual 
sale,  and  if  the  ore  was  to  be  delivered  at  any  place  other  than 
Cleveland,  the  difference  in  freight  rates,  if  any,  was  to  be  added  to  or 
deducted  from  such  contract  to  determine  the  rate  of  royalty.  The 
schedule  of  royalties  was  as  follows  : — 


Price. 

1 

Price. 

From 

To 

Royalty. 

From 

To 

Royalty. 

....  dols 

•  ••• 

1*49  dols. 

•07  ( 

iols. 

2*35  < 

dols 

. ... 

2*39 

dols. 

•21 

dols. 

1-50  \y 

1-59 

•08 

2  40 

•  •  • 

244 

»» 

•22 

»» 

I '60  „ 

1*69 

•09 

2-45 

•  •  • 

249 

»» 

•23 

>» 

i?o  „ 

179 

10 

250 

... 

2'54 

»» 

•24 

» 

r8o  „ 

1-89 

•II 

255 

. .  • 

259 

»» 

•25 

»> 

I  90  ,» 

1-94 

•12 

260 

•  •  • 

264 

n 

•26 

i> 

I  95   » 

1-99 

•13 

265 

... 

2*69 

^» 

•27 

>» 

200  „ 

2*04 

•14 

270 

• .  • 

274 

>» 

•28 

» 

2*05   » 

2*09 

•15 

275 

• .  * 

279 

>» 

•29 

»» 

2-IO    „ 

2-14 

•16 

280 

... 

2-84 

» 

•30 

>» 

215    » 

2*19 

•17 

285 

•  •  • 

2-89 

>» 

•31 

» 

2-20    „ 

2*24 

•18 

2*90 

• . . 

2*94 

»» 

•32 

»> 

2-25    „ 

2*29 

•19 

2-95 

*  •  • 

299 

»l 

■33 

t» 

2-30    „ 

2-34 

•20 

The  above  progression  was  to  continue  so  that  i  cent  additional 
royalty  would  be  required  for  each  additional  5  cents  increase  in 
price.  It  will  be  noted  that  at  299  dols. per  ton  for  iron  ore,  the  royalty 
would  amount  to  33  cents,  or  is.  4id.  per  ton. 

The  original  owners  of  most  of  the  Mesaba  iron  mines,  so  far  as 
they  had  any  ownership  at  all,  up  to  a  few  years  ago,  were  Michigan 
lumbermen,  a  number  of  whom  have  suddenly  become  very  rich. 
These  men  have  gone  to  work  in  a  way  that  proved  they  had  all 
their  wits  about  them.  They  began  by  demanding  small  royalties, 
but  they  have  increa.sed  their  demands  from  time  to  time  until  the 
present  average  royalty  is  probably  as  high  as  the  average  of  Great 
Ikitain.  In  some  cases,  the  more  recent  royalties  have  been  reduced 
on  the  condition  that  the  minimum  output  is  increased.  Several 
cases  could  be  cited  where  royalties  were  reduced  from  30  to  25  cents 
per  ton,  on  the  condition  that  the  minimum  annual  output  was  doubled. 
In  times  like  the  present  this  suits  both  parties.  VVhen  depression 
comes,  it  may  suit  neither. 

Coal  Royalties. 

Throughout  the  United  States,  it  is  the  custom  to  charge  royalties 
on  coal  when  it  is  not  worked  by  the  owner  of  the  freehold.  The 
royalty  varies  according  to  the  importance  and  accessibility  of  the 
field,  but  it  rarely  exceeds  20  cents  (lod.)  per  ton.  Mr.  Lynch,  presi- 
dent of  the  Frick  Coke  Company,  informed  me  that  the  United  States 
Steel  Corporation  debits  their  coal  with  a  royalty  charge  of  8  cents  (4d.) 
per  ton,  but  he  added  that  this  was  the  actual  cost  to  the  corporation, 
that  it  was  uncommonly  low,  that  if  the  field  was  acquired  to-day  a 
much  higher  royalty  would  be  charged,  and  that  in  the  Connellsville 
region,  the  only  important  competitive  concern  is  paying  a  royalty  of 
20  cents  (lod.)  on  coal  and  30  cents  (iSd.)  on  coke. 


CHAPTER  V. 

The  Natural  Qas  Supplies  of  the  United  States. 

Besides  their  important  and  exceptionally  cheap  supplies  of  iron 
ore,  coal,  and  coke,  the  United  States  possesses,  scattered  over  a 
wide  area  in  the  principal  manufacturing  States,  a  large  if  not  an 
almost  inexhaustible  supply  of  the  remarkable  product  known  as 
natural  gas,  the  influence  of  which  cannot  properly  be  ignored  in 
any   consideration   of  the    resources   of  the  country. 

This  gas  has  come  into  very  general  use  for  manufacturing 
purposes  since  about  the  year  1880,  first,  1  am  informed,  by  the  firm 
of  Spang,  Chalfant  &  Company,  of  Pittsburg,  in  rolling  mills.  New 
fields  were  found  from  time  to  time  in  Indiana,  Ohio,  Pennsylvania, 
and  elsewhere,  and  the  use  of  the  gas  rapidly  increased,  both  for 
manufacturing  and  for  domestic  purposes. 

When  the  Iron  and  Steel  Institute  visited  Pittsburg  in  the 
autumn  of  1890,  natural  gas  was  being  generally  used,  and  the 
visitors  were  afforded  the  opportunity  of  seeing  an  illumination  by 
it  on  the  Mononghahela  River. 

To-day,  the  combined  capital  of  the  companies  engaged  in  the 
natural  gas  business  in  the  Pittsburg  district  aggregates  about 
40,000,000  dols.  They  operate  between  2,500  and  3,000  miles  of 
pipe  lines.  They  hold  under  lease  500,000  acres  of  land,  on  which 
are  drilled  from  1,200  to  1,500  wells,  and  are  paying  upwards  of 
half  a  million  dollars  annually  in  rental  and  royalties  to  the  farmers. 

The  average  daily  consumption  of  gas  approximates  130,000,000 
cubic  feet,  and  in  the  winter  time  it  is  about  50  per  cent,  greater. 
Natural  gas  replaces  daily  through  the  summer  about  7,000  tons  of 
coal,  and  in  the  winter  time  nearly  twice  as  much. 

Prior  to  1890,  the  supply  of  gas  seemed  so  inexhaustible,  and  the 
devices  for  confining  it  so  imperfect,  that  no  effort  at  economy  was 
practised  in  its  use  ;  but  about  that  time  there  were  evidences  in 
some  of  the  older  fields  that  the  supply  of  gas  had  commenced  to 
fail,  and  for  a  time  it  was  feared  that  the  end  of  the  natural  gas 
industry  was  not  distant. 

Since  then,  more  economic  methods  of  consumption  have  been 
introduced,  and  at  the  same  time  the  natural  gas  territory  in 
Greene  County,  Pa.,  and  in  West  Virginia,  have  been  developed  and 
made  accessible,  which  have  given  to  the  gas  industry  .1  new 
lease  of  life. 

Probably  about  one-third  of  the  natural  gas  supply  of  the  Pitts- 
burg   district    is   now   being    received    from    Arm.strong   ("nuiity,  and 
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the  old  fields  contiguous  to  Pittsburgh ;  another  third  is  being 
brought  from  Greene  County,  the  remainder  being  obtained  from 
West  Virginia.  The  latter  fields  are  the  most  extensive  and  pro- 
lific gas  fields  yet  discovered.  The  rock  pressure  of  many  of  the 
wells  is  stated  to  exceed  i,ooo  lbs.  to  the  square  inch,  and  several 
of  the  wells   show  a   volume   of  fully  25,000,000  ft.  in  24  hours. 

Two  large  companies  arc  now  bringing  gas  to  Pittsburg  from  a 
distance  of  more  than  a  hundred  miles,  and  two  or  three  more  com- 
panies from  points  as  far  south  as  Greene  County.  The  supply  of  gas 
from  the  older  and  more  depleted  fields  is  being  augmented  by  the 
use  of  large  pumping  stations,  which  aggregate  upwards  of  4,000 
horse-power,  and  are  capable  of  passing  60,000,000  ft.  of  gas  daily. 

The  high  pressure  of  the  wells  of  West  Virginia  and  Greene 
County  is  said  to  be  sufficient  to  furnish  ample  power  for  transport- 
ing the  gas  from  those  regions,  the  only  limit  to  the  amount  of  gas 
secured  being  due  to  the  size  of  the  line. 

More  than  40,000  families  are  being  supplied  from  the  lines  of  one 
company,  and  nearly  one  and  a  half  billion  feet  are  being  furnished 
monthly  to  manufacturing  consumers.  The  total  amount  of  gas  fur- 
nished by  this  company  during  the  coldest  days  of  last  winter 
amounted  to  more  than  100,000,000  ft.  The  company  has  two  large 
lines  through  which  it  brings  its  gas  from  Armstrong  County,  one  of 
which  is  20  in.  in  diameter,  and  the  other  is  composed  of  pipes  30, 
24,  and  10  in.  in  diameter.  Each  of  these  lines  is  equipped  with 
pump  stations,  which  have  a  capacity  of  upwards  of  30,000,000  ft.  per  day. 

The  gas,  from  its  southern  fields,  until  1899,  reached  Pittsburg 
through  a  36-in.  line,  which  was  fed  by  two  i6-in.  lines,  and  these 
by  one  20-in.  line,  which  was  supplied  by  one  i6-in.  line,  extending 
30  miles  into  West  Virginia.  This  system  has  since  been  supple- 
mented by  the  laying  of  a  parallel  line  consisting  of  12  miles  of 
36-in.  pipe,  nine  miles  of  20-in.,  an  equal  amount  of  i6-in.  pipe,  and 
eight  miles  of  lo-in.  pipe,  which  doubles  the  capacity  of  the  system, 
and  renders  unlikely  a  shortage  to  domestic  consumers  even  in  the 
coldest  weather. 

It  is  said  that  cither  of  these  lines  is  able  to  transport  80 
million  feet  of  gas  in  24  hours.  It  may  be  added  that  one  company 
now  has  a  36-in.  line  extending  more  than  20  miles  south  of  Pittsburg, 
made  of  steel  plates,  riveted  and  caulked.  The  cost  of  this  pipe,  and 
the  labour  in  laying  it,  makes  the  line  almost  as  expensive  as  an 
ordinary  railroad,  amounting  to  upwards  of  50,000  dols.  per  mile. 

The  old  fields  from  which  the  gas  was  drawn  i  5  years  ago  in  great 
quantities,  the  surplus  not  needed  being  allowed  to  waste  and  bum 
in  the  open  air,  have  been  largely  exhausted.  Since  then,  however, 
with  more  economical  appliances,  with  the  wells  properly  tubed,  so  that 
the  surplus  gas  not  needed  for  consumption  can  be  shut  in  the  well, 
and  with  transportation  lines  clamped  and  jointed  with  high  pressure 
couplings,  the  supply  is  better  husbanded.  It  is  said  that  the  deep 
sand  wells  of  high  pressure  in  the  southern  fields  already  explored 
indicate  supplies  of  gas  sufficient  to  last  for  many  years  to  come, 
and  that  the  supply  of  gas  now  in  sight  is  greater  than  at  any  other 
time  in  the  history  of  the  natural  gas  industry. 
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I  asked  several  of  the  leading  manufacturers  in  and  about  Pittsburg 
whether  there  was  any  material  economy  in  the  use  of  natural  gas  in 
place  of  bituminous  coal.  The  reply  was  generally  the  same — namely, 
that  there  was  not  so  much  economy  in  the  fuel,  considered  as  such, 
as  there  was  advantage  in  other  directions,  and  especially  in  having 
gas  always  at  hand,  under  perfect  control  ;  while  its  freedom  from  dust, 
soot,  and,  to  a  large  extent,  from  smoke  as  well,  the  absence  of  ashes, 
and  the  getting  rid  of  stoking,  enabled  savings  to  be  made  in  labour 
and  in  wear  and  tear,  apart  from  the  obvious  convenience  of  the 
diflTcrent  conditions  stated.  The  economy  in  point  of  first  cost 
would  also  be  material  did  it  not  happen  that  Pittsburg  has  all  along 
had,  and  still  possesses,  some  of  the  cheapest  fuel  in   the  world. 

In  1890,  each  ton  of  finished  steel  was  estimated  to  cost  8s.  4d.  for 
fuel  in  the  neighbourhood  of  Pittsburg,  in  cases  where  the  collieries 
were  near  to  the  works,  and  the  cost  of  natural  gas  fuel  was  credited 
at  about  one-half  of  this  figure.  This  estimate,  however,  does  not 
appear  to  have  taken  into  account  the  very  considerable  cost  involved 
in  piping  the  gas  and  the  redemption  of  capital  on  so  hazardous 
a  form  of  investment. 

The  principal  constituents  of  natural  gas  are  marsh  gas,  6j  % ; 
hydrogen,  22  %  ;  ethylic  anhydride.  S  %  ;  nitrogen,  3  %  ;  olifient  gas, 
1 7  ;   and  oxygen,  8%. 

The  use  of  natural  gas  has  not  been  attempted  in  the  blast 
furnace,  so  far  as  I  have  learned,  although  it  has  been  suggested, 
as  well  as  the  use  of  petroleum.*  Whatever  economy  the  American 
iron  trade  may  derive  from  their  abundant  stores  of  this  form  of 
fuel  must,  therefore,  be  limited  to  its  use  in  steel  works,  tube  works, 
tinplate  works,  and  kindred  establishments,  and,  so  far  as  my 
information  goes,  the  difference  in  favour  of  natural  gas  is  but 
trifling.  This  can  more  readily  be  understood  when  it  is  added 
that  there  are  few  cases  in  the  United  States  where  a  ton  of  steel 
cannot  be  melted  for  less  than  2s.  outlav  on  fuel 

•At  .South  Chicago  Works  open-heirlh  furnaces  are  worked  by  oil,  costinjir  40  1045 
cents  per  barrel  of  50  gallons,  the  cost  per  ton  of  steel  melted  beiig  about  is.  8d.  which  is 
a  penny  or  so  under  the  cost  of  coal  for  the  same  opsraticm. 


SECTION    III. 


CHAPTER  VI. 

The  Labour  Conditions  of  the  United  States. 


Rates  of  'Wages, 

Scattered  throughout  this  Report,  as  well  as  those  of  my  colleagues 
will  be  found  a  good  many  specific  rates  of  wages  for  different  grades 
of  labour,  and  these,  speaking  generally,  will  probably  afford  a  sufficient 
indication  of  the  range  of  remuneration  in  the  chief  iron-producing 
centres.  It  would,  of  course,  be  easy  to  extend  this  information  to  a 
portentous  length,  but  I  do  not  deem  it  to  be  necessary. 

It  may,  however,  be  expected  that  I  should,  in  a  separate  con- 
sideration of  the  subject,  give  certain  specific  details  as  to  the  conditions 
that  characterise  American  labour  from  this  point  of  view.  I  cannot 
do  this  more  effectively  than  by  making  certain  excerpts  from  a 
statement  submitted  to  the  Wilson  Tariff  Committee  in  1894,  as  to 
the  then  rates  of  wages  in  Great  Britain  and  the  United  States,  rates 
which  continued  to  prevail  over  a  large  part  of  the  period  between 
1892  and  1898,  and  which,  ther'^fore,  may  be  regarded  as  fairly 
normal,  although  they  have  been  exceeded  during  the  last  three 
years.  The  range  is  higher  than  in  England  by  40  per  cent,  for 
puddling,  35  per  cent,  for  rolling,  40  per  cent,  for  millwrights  and 
blacksmiths,  50  per  cent,  for  chief  engineers,  50  per  cent,  for  hoop 
mills  ;J  wide,  and  45  per  cent,  for  §  wide,  all  per  ton. 

In  the  iron  mines  of  Alabama  and  Tennessee,  according  to 
information  given  me  b\'  Mr.  Baxter,  the  President  of  the  Tennessee 
Coal  and  Iron  Company,  good  men  can  make  as  much  as  4  dols. 
per  day,  working  with  an  assistant  and  taking  a  percentage  of  his 
earnings,  as  many  of  them  do.  Not  a  few  of  the  negro  miners  are 
responsible  contractors  and  earn  very  high  wages.  A  feature  of  the 
Alabama  mines  is  that  the  men  arc  paid  every  day. 

At  one  of  the  leading  mechanical  workshops  in  Philadelphia  we 
found  that  it  is  quite  a  usual  thing  for  one  man  to  run  three  machines 
at  one  time ;  and  in  the  case  of  boring  mills,  four  machines  to  one 
man  are  not  at  all  uncommon.  In  this  particular  establishm.ent  the 
men  are  paid  as  under  : — 

Machinists...  27  to  32  cents  per  hour. 

Fitters  .         ...         ...         ...     30  to  32 

Labourers i^ 
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It  is  sometimes  made  a  complaint  in  British  works  that  there  is 
too  great  a  disparity  between  the  low-paid  and  the  high-paid  labour, 
but  that  also  appears  to  be  a  characteristic  of  American  works.  At 
Varidergrift,  for  example,  I  was  informed  by  Mr.  Pargny,  the  able 
manager,  that  the  men  employed  in  the  galvanising  department,  mainly 
Poles  and  Hungarians,  were  paid  an  average  of  i6  cents  (8d.)  per  hour, 
or  from  i  dol.  to  i4  dols.  per  day,  whereas  the  head  rollers,  working 
alongside,  were  paid  14  dols.  a  day,  and  the  average  wages  of  the 
rollers  is  12  dols.  per  day  of  eight  hours.  The  same  sort  of  differences, 
but  varying  in  degree,  run  all  through  American  labour,  according  to 
the  skill  demanded. 

The  general  tendency  of  American  wages  within  recent  years  is 
thus  referred  to  in  the  reports  of  the  Industrial  Commission  now  sitting 
in  Washington  : — "  It  does  not  seem  to  be  the  case  that  any  reduction  in 
wages,  speaking  generally,  has  followed  their  organisation  (trusts), 
although  in  certain  instances,  as  in  that  of  travelling  salesmen,  the 
combinations  have  been  able  to  dispense  with  the  services  of  some 
workmen.  Often  since  the  combinations  have  been  formed,  wages 
have  been  increased.  In  other  cases  wages  throughout  the  different 
branches  of  the  industry  have  been  made  more  nearly  uniform  than 
they  were  while  the  establishments  were  under  different  managements  ; 
and,  generally,  so  far  as  one  is  able  to  learn,  the  process  has  been  one 
rather  of  levelling  up  than  of  levelling  down." 

The  average  range  of  wages  actually  paid  in  the  United  Kingdom 
may  be  indicated  by  the  following  statement  of  averages  paid  at  works 
in  the  leading  districts  for  all  labour  employed,  which  I  have  obtained 
from  British  firms,  as  those  of  a  normal  period  : — 

District.  Character  of  Works. 

Lancashire...  ...         ...     Iron  and  steel  works 

Derbyshire...  ...  Blast  furnaces,  foundries,  etc 

Yorkshire,  West  Blast  furnaces  and  steel  works 

South  Wales  ...         ...     Steel  works 

Northamptonshire  .      Blast  furnaces 

Cumberland  Blastfurnaces 

These  figures  apply  to  a  period  preceding  the  recent  boom.  It 
may  be  interesting  to  add  here  that  Mr.  Andrew  Carnegie  some  years 
ago  claimed  that  the  average  wages  of  men  in  his  employment  at 
Homestead  was  over  3  dols.  (12s.  6d.)  per  day,  which,  assuming  300 
working  days,  would  give  an  average  of  ;6^i87   los.  a  year. 

Piece  Work. 

In  the  United  States,  as  in  Great  Britain,  there  are  considerable  dif- 
ferences of  opinion  and  experience  as  to  the  particular  system  of 
remuneration  which,  taking  all  things  into  account,  is  most  convenient 
and  equitable  to  both  parties.  At  the  same  time,  I  found  in  most  of 
the  works  and  shops  visited  that  piece  work  is  very  general  in  all 
operations  that  call  for  a  considerable  amount  of  skill,  and,  indeed, 
wherever  the  work  is  above  the  level  of  unskilled  labour.  This  is  ap- 
preciated by  the  employer,  because  he  knows  thereby  approximately 
what  the  work  is  likely  to  cost,  and  is  not  so  liable  to  be  "  out "  in  his 


Average 

per 

ann 

£6S 

0 

0 

61 

10 

0 

;        70 

0 

0 

79 

0 

0 

64 

0 

0 

70 

0 

0 

56  AMERICAN    INDUSTRIAL   CONDITIONS. 

estimates  as  if  he  had  to  depend  on  the  uncertain  quantity  of  varying 
efificiency  and  industry  represented  in  day  wages  ;  and  to  the  workman 
because  he  can  depend  upon  being  remunerated  according  to  the 
degree  of  his  capacity  and  industry. 

The  views  of  the  leading  employers  on  the  piece  work  system 
are  thus  expressed  in  forcible  language  by  a  well-known  American 
employer  in  a  recent  address  : — 

"If  on  piece  work  a  man,  by  skill  and  energy,  increases  his  pay 
largely  vvc  think  him  entitled  to  such  increase,  for  we  economise  fuel, 
interest,  and  other  important  items.  It  does  not  seem  quite  honour- 
able, if  he  thus  profits  and  we  also,  for  us  to  cut  away  his  profits, 
that  we  may  gain  much  more  ;  nor  do  we  believe  it  pays.  In  our 
industry  repairs  count  largely,  and  a  well-paid  man  will  so  care  for 
machines  as  to  minimise  the  need  for  repairs,  because  he  loses 
by  the  time  taken  for  such  repairs ;  he  docs  not  waste  material, 
for  often  in  our  processes  he  may  waste  his  own  valuable  time  when 
he  wastes  material.  We  find  also  that  justly-paid  men  save  in  the 
important  item  of  imperfect  work ;  our  men  replace  in  their  own  time 
work  that  is  bad,  and  pay  for  the  material.  Thus  saving  as  we  do 
in  material,  repairs,  interest,  fuel  and  other  ways,  we  think  justice  to 
the  workman  demands  that  we  shall  not  cut  the  piece  work  rate 
merely  because  he  makes  well   thereby." 

Agreements  are  made  to  a  considerable  extent  between  the  Amalga- 
mated Association  of  Iron,  Steel  and  Tin  Workers  and  their  employers 
as  to  piece  work  wages  rates  jDased  upon  the  sliding-scale  system. 
This  is  the  only  trade  in  the  United  States  in  which  sliding  scales 
have  been  permanently  introduced.  As  the  prices  of  bar  iron,  steel, 
tinplate,  etc.,  vary,  the  rates  paid  to  different  classes  of  workmen 
for  producing  a  ton  or  other  given  quantity  of  the  product  vary  in  a 
definite  ratio.  Thus,  by  a  recent  agreement  covering  the  manufacture 
of  sheet  steel,  fixed  rates  for  doing  various  classes  of  work  were 
established  on  the  basis  of  a  price  of  2^  cents  per  pound  for  certain 
classes  of  sheet  steel.  With  each  advance  of  one-tenth  of  a  cent 
(equal  to  4  per  cent,  on  the  base)  wages  were  to  go  up  2  per  cent., 
and  for  each  decline  of  one-tenth  of  a  cent  they  were  reduced  2  per 
cent.  Both  employers  and  employes  have  usually  seemed  to  be 
well  satisfied  with  the  working  of  the  sliding-scale  system,  although 
the  workmen  insist  upon  a  minimum  below  which  wages  shall  not 
fall. 

At  some  works  in  Philadelphia  the  men  arc  paid  by  the  hour,  and 
it  is  stated  on  the  employment  sheet  how  much  each  man  has  to  re- 
ceive. The  head  of  one  establishment  told  me  that  he  did  not  like 
piece  work,  because,  he  said,  '"  it  costs  all  I  can  get  by  the  bonus  system 
to  keep  the  accoutits  straight  in  the  factory.  Under  this  system,"' 
he  added,  "  we  have  got  to  see  that  the  man  is  honest  by  checking 
his  work  every  night,  whereas  m}-  svstcin  provides  that  ever}'  man  is. 
his  own  timekeeper." 

At  some  of  the  leading  American  engineering  works,  including 
those  of  William  Sellers  &  Company,  of  Philadelphia,  the  men  are 
paid  both  b)'  piece  and  by  hour — that  is  to  say,  the  work  to  which  they 
are  put  is  given  to  them  at  piece  work   prices,  but  the  arrangement   is 
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an  hourly  rate,  so  that  on  the  completion  of  any  particular  piece  of 
work,  the  man  is  paid  the  balance  due  to  him  over  the  wages  received 
pro  rata  according  to  the  wages  agreed  upon  per  hour. 

Although  most  of  the  men  at  the  Baldwin  Locomotive  Works- 
are  generally  on  piece,  yet  a  considerable  number  are  in  receipt  of 
fixed  diily  wages.  All  the  men  employed  in  the  works  have  a  limit 
of  wages  fixed  by  the  firm.  Some  men  make  as  much  as  4  dols. 
(i6s.  8d.)  per  day,  but,  whatever  his  wages  may  be,  a  man  knows  that  it 
will  not  fall  below  the  minimum  adopted  at  the  time,  and  that  if  he 
is  deser\^ing  of  a  higher  rate,  he  will  be  pretty  sure  to  get  it.  In  giving 
out  their  work,  the  Baldwin  Company  place  the  contracts  for  the 
building  of  locomotives  in  the  hands  of  leading  men,  and  a  good 
many  are  working  on  sub-contracts. 

A  recent  modification  of  the  piece  work  system,  which  has  now 
become  very  general,  is  called  the  "  premium  plan  *'  of  paying  for  labour.- 
Its  object,  like  that  of  piece  work,  is  to  encourage  individual  workmen 
to  increased  output,  but  it  differs  from  piece  work,  inasmuch  as  the 
workman's  reward  can  never  be  cut  down  below  a  certain  fixed 
rate,  and  for  that  reason  it  is  more  acceptable  to  those  union  men 
who  pronounce  against  piece  work.  An  average  of  the  time  taken 
in  certain  operations  is  struck.  This  average  is  called  the  time  limit. 
If  the  workman  takes  the  full  time  limit,  he  receives  simply  the  fixed 
rate  of  wages  ;  but  if  by  industry  or  ingenuity  he  accomplishes  the 
work  in  less  time,  he  is  paid  a  50  per  cent,  premium  on  every  hour 
or  part  of  an  hour  that  he  has  saved.  The  saving,  in  fact,  is  divided 
between  the  employer  and  the  employe,  so  that  both  gain  something 
by  the  arrangement.  There  is  no  temptation,  on  the  one  hand,  to 
cut  down  the  rate,  and,  on  the  other  hand,  the  workman  can  always 
be  sure  of  his  full  pay,  and  a  premium  for  extra  effort.  The  system 
guarantees  full  current  wages  to  poor  workmen,  benefits  to  mediocre, 
and  secures  for  the  skilled  considerably  more  than  they  could  possibly 
earn  under  the  time  arrangement.  Generally,  under  this  system,  ex- 
perience has  shown  that  there  is  a  largely  increased  output  for  the 
same  labour-cost,  an  increase  in  the  workmen's  wages  of  from  10  to 
40  per  cent.,  the  necessary  maintenance  of  machines  in  the  highest 
state  of  efficiency,  a  greatly-increased  interest  of  the  men  in  their 
work,  a  field  for  the  choice  of  the  best  workmen,  and  a  better  under- 
standing between  the  men  and  their  foremen. 

In  the  United  States,  most  employers  with  whom  I  have  had 
the  opportunity  A  conversing,  have  expressed  a  preference  for  the 
piece  work  .system,  and  in  some  cases  no  other  would  be  tolerated. 

At  Altoona  Works,  the  Pennsylvania  Railroad  Company  recently 
tested  the  comparative  value  of  the  two  systems  of  day  work  and 
piece  work  with  remarkable  results,  which  seem  to  be  pretty  conclu- 
sive. 

It  is  stated  that,  before  the  introduction  of  piece  work,  50  new 
locomotives  per  annum  represented  the  capacity  of  the  Altoona  shops. 
Since  that  change,  the  output — with  substantially  the  same  tools  and 
appliances — has  doubled.  The  cost  by  day  work  in  the  erecting 
shops  of  what  are  known  as  Class  I.  engines  was  290  dols.  The  same 
amount  of  work,  on  engines  of  the  same  general  class,  but  about   15 
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tons  heavier,  now  costs  9575  dols,,  and  is  done  in  one-half  the  time. 
.  .  .  .  By  day  work  it  took  three  days  to  build  a  box  car.  This 
work  is  now  done  in  15  hours.  The  pipe  work  on  a  locomotive 
formerly  cost  137  dols.,  and  now  costs  32  dols.  Finally,  while  the  out- 
put has  been  doubled,  and  the  cost  of  labour  reduced  one-half,  wages 
have  been  raised  more  than  25   per  cent,  under  the  new  system.* 

The  Contract  System. 

The  so-called  contract  system  is  very  general  in  the  rolling  mills  of 
the  United  States.  Under  this  system,  each  boss,  or  contractor,  hires, 
pays  and  discharges  his  own  men.  The  principal  contractor  in  a 
large  number  of  cases  is  the  head  roller,  who  contracts  directly 
with  the  owners,  and  who  receives  the  whole  price  of  the  work  finished 
by  himself  and  his  gang,  and  distributes  it  among  the  men  employed 
under  him.  There  are,  however,  notable  exceptions  to  this  .system — 
among  others  that  of  the  Vandergrift  Works  of  the  American  Sheet 
Steel  Company,  who  pay  every  one  of  their  men  direct.  The  contract 
system  is  founded  on  a  scale,  or  set  of  ton-prices  for  finished  rolling- 
mill  products,  agreed  upon  between  the  owners  of  the  mills  and  the 
Amalgamated  Society  of  Iron  and  Steel  Workers,  which  is  usually 
reconsidered  once  in  every  twelvemonth.  As  a  rule,  contractors  do 
not  pay  their  men  piece  rates,  but  sub-contractors  are  not  uncommon. 

The  contract  system  is  also  still  employed  to  a  considerable  extent 
in  machine  shops  and  factories,  although  less  so  than  formerly.  A 
recent  writer  has  declared  that  the  system  in  such  works  has  "now 
fallen  into  disfavour,  and  either  has  been,  or  is  soon  likely  to  be, 
displaced,  by  fixed-pay  foremen  in  charge  of  piece-rate  workmen." 
Many  owners  of  works  in  the  United  States  have  set  their  faces  so 
completely  against  the  contract  system  that  in  the  opinion  of  some 
of  the  most  experienced  authorities,  the  contractor,  as  hitherto  estab- 
lished, is  likely,  before  long,  to  entirely  disappear. 

Intensity  of  American  Labour. 

There  appears  to  be  a  pretty  general  impression  that  the  charac- 
teristics which  differentiate  American  labour,  so-called,  from  that  of 
other  countries,  are  to  a  large  extent  of  recent  origin.  A  critical  and 
■comprehensive  analysis  of  the  phenomena  of  American  progress  would, 
however,  probably  show  that  they  are  almost  as  old  as  the  country 
itself.  They  are,  first  of  all,  a  function  of  the  greater  industry, 
ambition,  and  resourcefulness  of  the  people  that  emigrate.  Such 
people,  as  a  rule,  are  naturally  and  inevitably  disposed  to  cut  them- 
selves adrift  from  the  hide-bound  traditions  and  habits  of  the  country 
where  they  have  not  realised  their  ideal  of  life,  in  order  that  they 
may  reach  a  higher  standard  of  attainment  and  of  comfort.  But  this 
cannot  be  done  without  much  effort,  great  readiness  to  meet  emer- 
gencies, and  a  general  faculty  for  making  opportunities. 

"  Sam  Slick  "  declared  the  United  States  to  be  **  a  land  of  hard 
work,  with  two  kinds  of  slaves,  the  niggers  and  the  white  slaves. 
Neither    rich    nor    poor,    high    nor    low,   with    us    eat    the    bread    of 

*  American  Engineer  and  Kailroai  Jourt^iil  for  1 900. 
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idleness An  idle  fellow  who  runs  away  to  us  is  clapt  into 

harness  before  he  knows  where  he  bees,  and  is  made  to  work  ;  like 
a  horse  that  refuses  to  draw,  he  is  put  into  a  team-boat ;  he  finds 
someone  afore  him  and  others  behind  him.  He  must  either  draw  or 
be  dragged  to  death."  This,  which  was  true  of  American  conditions 
when  Judge  Haliburton  wrote  his  well-known  work,  more  than  60 
years  ago,  is  equally  applicable  to  the  American  to-day.  The  British 
workman,  transplanted  on  American  soil,  becomes  a  different  man.  He 
finds  himself  at  once  drawn  into  a  strong  current  of  pushful,  active, 
virile  and  aggressive  life,  and  he  must  go  with  the  stream. 

The  American  workman  is  generally  very  nimble-minded,  versatile, 
alert,  and  intelligent,  quick  to  pick  up  new  ideas,  and  equally  ready 
to  apply  them.  He  rejoices  in  the  fact  that  he  has  direct  access  to 
his  employer,  and  that  both  his  employer  and  his  "  gaffer  "  are  ready 
at  all  times  to  discuss  matters  of  concern  in  a  friendly  and  conciliatory 
spirit.  An  American  friend  recently  said  to  me,  in  language  perhaps 
more  forcible  than  choice,  that  in  England  the  employer  expects 
too  much  consideration  from  his  workman,  and  is  far  too  stand-offish, 
if  he  does  not  actually  expect  him  to  "  lick  his  boots." 

One  of  the  most  important  questions  that  can  occupy  the  minds 
of  both  employers  and  employed  in  this  country  is  that  of  whether 
it  is  possible  to  bring  American  and  British  labour  to  the  same  level 
of  efficiency.  To  do  this,  the  American  labour  would  have  to  be 
levelled  down,  or  the  British  labour  would  have  to  be  levelled  up,  to 
the  same  capacity  for  output,  or  rather  to  the  same  volume  of  daily 
work,  whether  that  volume  be  founded  on  superior  capacity,  or  superior 
industr>^  or  on  these  and  other  qualities  combined. 

That  much  is  possible  in  this  direction,  by  better  organisation,  has 
been  demonstrated  by  a  notable  example,  the  details  of  which  have 
recently  been  published.  It  will  be  remembered  that  some  months 
ago  The  Times  newspaper  printed  a  series  of  articles  on  "  The 
Crisis  in  British  Industry,"  one  of  the  first  of  which  spoke  of  the  decay 
of  the  productive  capacity  of  British  bricklayers,  who,  instead  of 
being  content  to  lay  1,000  bricks  per  day,  or  more,  which  was 
alleged  to  have  been  done  formerly,  were  now  limiting  themselves 
to  400  bricks  per  day,  more  or  less.  This  situation  led  to  a  consider- 
able amount  of  discussion  in  The  Times  and  other  journals,  and  elicited 
some  interesting  details  as  to  a  recent  experience  of  the  Westinghouse 
Company,  which  would  seem  to  show  that  the  British  workman  is 
capable  of  doing  quite  as  well  as  his  American  confrere,  and  is  ready 
to  do  it  if  he  is  properly  handled. 

The  Westinghouse  Company  decided  to  establish  works  for  the 
manufacture  of  electrical  apparatus  at  Trafford  Park,  Manchester. 
When  the  work  was  begun  in  the  spring  of  1901  it  was  estimated  by 
British  builders  that  the  building  operations  alone — quite  apart  from 
the  installation  of  machinery — would  occupy  several  years.  The  West- 
inghouse Company,  however,  anxious  to  get  to  work  quickly,  engaged 
Mr.  James  C.  Stewart,  a  well-known  American  contractor,  as  building 
manager,  and  he,  with  half  a  dozen  American  assistants,  and  3,758 
British  workmen,  established  an  average  of  1,800  bricks  per  man  in 
a  nine-hour   day,  with  a  maximum   of  2,500  bricks  per  day    for  the 
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plainest  work.  And  how  was  this  done?  The  published  reports  state 
that  Mr.  Stewart  simply  got  rid  of  men  who  were  not  up  to  the  work. 
During  the  third  week  of  operations  the  average  had  risen  to  900 
bricks  per  man  per  day,  and  by  the  continuous  process  of  weeding  out 
the  idle  and  useless  the  standard  of  1,800  bricks  was  approached,, 
despite  some  interference  on  the  part  of  the  trade  unions. 

This  story  suggests  the  question  whether  it  would  not  be  possible 
to  make  much  more  of  the  average  British  workman  if  he  were  dif- 
ferently handled.  It  is  at  least  worth  the  while  of  British  employers 
and  managers  to  ask  themselves  whether,  in  order  to  secure  the 
American  standard,  they  have  done  all  that  is  necessary  in  giving  the 
workmen  American  conditions. 

While  at  Philadelphia,  I  called  on  Mr.  Newton,  of  the  well-known 
Newton  Machine  Works,  and  had  an  interesting  talk  with  him  on  the 
two  subjects  of  the  economy  of  production  due  to  improved  machine 
tools,  and  of  the  characteristics  of  British  versus  American  labour. 
On  both  I  found  that  Mr.  Newton  was  a  close  observer,  and  a 
capable  economist. 

Speaking  of  the  different  characteristics  of  workmen,  Mr.  Newton 
held  the  opinion  that  in  Great  Britain  the  ordinary  workman  was  too 
much  in  the  habit  of  taking  stimulants  at  his  meals.  At  his  works,  he 
said,  not  more  than  5  per  cent,  of  the  workers  took  beer  at  their 
meals,  but  many  of  them  drank  milk,  which  is  consumed  in  large 
quantities. 

In  England,  Mr.  Newton  has  closely  watched  the  operations  of 
workmen  when  he  had  opportunity.  He  expressed  his  great  surprise 
to  find  in  London,  from  personal  observation,  that  bricklayers  only 
laid  at  the  rate  of  about  400  bricks  per  day.  In  the  United  States^ 
the  same  man  would  lay  from  1,500  to  2,000  in  nine  hours,  for  which^ 
at  the  present  time,  they  are  paid  4  dols.  20  cents  (17s.  6d).  In  Phila- 
delphia a  carpenter  earns  3^  dols.  (14s.  jd.)  per  day.  But  both  of 
these  cases  arc  excelled  by  that  of  the  skilled  men  in  machine  tool 
works.  In  Mr.  Newton's  own  factory,  the  best  men  are  paid  55  cents 
(2s.  3id.j  per  hour,  and  the  lowest  wage  paid  to  a  skilled  mechanic 
is  43  cents  (is.  9^d.)  per  hour,  mainly  on  piece. 

The  average  American  workman,  says  Mr.  Newton,  is  not  more  fond 
of  work  than  the  worker  in  other  countries,  but  he  is  affected  by  his 
environment,  and  he  likes  to  take  home  as  much  money  as  possible 
at  the  week  end.  In  other  countries  the  American  workman  does 
not  always  do  better  than  his  fellow.  Two  cases  in  point  were  cited 
by  Mr.  Newton.  Some  years  ago  a  large  engineering  establishment 
at  Zurich  brought  over  a  number  of  American  workmen  to  Switzerland, 
thinking  thereby  to  secure  American  conditions.  The  firm  of  L.  Loewe, 
of  Berlin,  did  the  same.  In  both  cases  the  results  did  not  answer 
expectations. 

The  Morale  of  American  Workmen. 

Under  this  head,  I  would  venture  to  class  three  qualities  which 
are  demonstrable,  both  by  observation  and  by  statistics — the  first,  the 
general  sobriety  and  steadiness  of  manual  workers  generally  ;  the 
second,  the   regularity  with  which    they   stick    to   their   employment  ; 
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and  the  third  their  general  contentment,  as  a  result  of  the  prosperity 
and  comparative  freedom  from  care  largely  due  to  the  two  first-named 
characteristics,  but  also  founded  on  the  workman's  general  economic 
situation. 

In  all  the  cases  where  1  made  inquiries — and  they  were  numerous — 
I  was  informed  that  thfe  workmen,  speaking  generally,  were  not  much 
addicted  to  alcohol,  and  that  a  large  proportion  of  them  are  teetotalers, 
and  this  fact  is  supported  both  by  official  records  as  to  per  capita 
consumption  of  alcohol,  and  by  an  inspection  of  the  conditions  under 
which  the  majority  of  the  workmen  live. 

For  averages  of  five  to  ten  years,  the  per  capita  consumption  of 
wine,  malt  liquor,  and  spirits  in  Great  Britain,  France,  Germany,  and 
the  United  States,  in  gallons  per  head  of  population  has  been  as 
follows,  as  shown  in  returns  prepared  by  our  own  Board  of  Trade  : — • 

United  Kingdom 

France 

Germany 

United  States 

This  would  give  for  the  four  countries  named  a  per  capita  con- 
sumption of  alcoholic  beverages  as  follows  : — 

United  Kingdom         3321  gals. 

^  X cHlx*\^  •••       •••       ■••       •••       ■■•       •••        •••       .3   ^ v/     •« 

Germany  ...         ...         ...         ...         ...         ...         ...         3o'89      »» 

United  States  ...         ...         ...         ...         ...         ...         ...         14*69      „ 

These  figures  seem  to  show  that  the  average  British  workman  takes 
about  130  per  cent,  more  alcohol  than  his  American  compeer. 

It  is  one  of  the  best  known  characteristics  of  the  American  people 
as  a  whole  that  they  are  uncommonly  temperate,  and  this  is  as  much 
the  case  with  the  working  men  as  with  other  classes  of  the  community. 
The  average  working  man  in  the  United  States  takes  milk,  or  tea, 
or  cocoa,  or  coffee,  rather  than  beer.  At  many  of  the  principal  works 
beer  is  not  allowed  on  the  premises  under  any  conditions.  This  gives 
a  great  advantage  to  both  employers  and  employed — to  the  former 
because  it  ensures  elimination  of  the  worship  of  Saint  Monday,  and 
the  irregularity  in  the  employment  of  machinery  and  plant  which  that 
worship  involves  ;  and  to  the  latter  because  it  guarantees  that  he  shall 
not  only  be  more  fit  for  his  work  on  the  first  of  the  week,  but  can 
depend  on  taking  home  a  larger  wage  at  its  close. 

The  regularity  of  the  typical  American  workman  is  a  matter  of 
the  most  common  knowledge  and  repute.  The  amount  of  lost  time 
is  remarkably  small,  whether  in  mining,  in  iron  and  steel  works,  or  in 
engineering  shops.  Not  5  per  cent,  of  the  men  employed  are  late  on 
a  Monday,  in  some  cases  of  which  I  obtained  particulars,  and 
promptness  to  leave  and  to  return  appears  to  be  their  characteristic 
at  all  the  works  I  visited. 

Opportunities. 

In  the  United  State.*;,  workmen  are  generally  content  because 
great  opportunities  are  open  to  the  majority  of  them,  as  well  as  to  the 
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employer  and  the  manager.  Take  the  case  of  a  sheet  mill  in  proof  of 
this  fact.  The  rollers  in  sheet  mills  are  paid  among  the  highest  wages 
received  by  working  men,  properly  so  called.  To  attain  that  position 
is  commonly  the  ambition  of  a  man  who  cannot  well  aspire  to  look 
higher.  It  means  a  transition  from  a  dollar  a  day  to  12  or  14  dollars. 
And  yet  I  was  informed  by  Mr.  Pargny  that  at  Vandergrift  they  have 
taken  comparatively  raw  hands,  employed  as  scrap  boys,  heaters, 
troughers,  or  catchers,  and  made  rollers  of  them  in  about  six  months, 
carrying  them  in  that  interval  up  through  the  intermediate  grade  of 
underhand,  where  they  had  opportunities  of  watching  and  learning  the 
methods  6f  rolling.  A  remarkable  instance  of  what  is  possible  in 
adapting  American  labour  in  this  way  was  recently  furnished  by  the 
case  of  the  Hyde  Park  Mill  during  the  strike  in  the  autumn  of  1901. 
The  old  hands  had  come  out,  and,  as  trade  was  good,  it  was  resolved 
that  the  works  should  be  continued  with  green  hands,  aided  by  one  or 
two  skilled  men  who  remained  loyal.  The  five  mills  thus  manned  were 
started  on  the  3rd  of  August,  and  up  to  the  date  of  my  visit,  near  the 
end  of  October,  they  had  not»  Mr.  Pargny  informed  me,  lost  a  single  turn. 

At  a  meeting  which  we  had  with  Mr.  C.  M.  Schwab,  he  informed 
us  that  in  his  opinion  the  two  greatest  difficulties  that  we  had  to 
contend  with  in  Great  Britain  were — first,  the  attitude  of  labour ;  and 
next,  the  exceptionally  high  cost  of  transport.  With  these  drawbacks 
out  of  the  way,  he  implied  that  there  might  be  a  prospect  of  our  still 
holding  our  own.  But  he  regarded  the  question  of  labour  as 
fundamental,  and  in  discussing  the  attitude  of  trade  unions  in  the 
matter  of  skilled  labour,  he  expressed  the  view  that  a  great  deal  too 
much  was  made  of  this  point.  In  proof  of  this,  he  intimated  that 
experience  had  satisfied  him  that  he  could  take  a  "green"  hand — 
say  a  fairly  intelligent  agricultural  labourer — and  make  a  steel  mclter 
of  him  in  six  or  eight  weeks. 

These  are  cases  that  are  actually  occurring  from  day  to  day 
throughout  the  iron  and  steel  works  of  the  United  States.  The  fact 
that  they  are  so  occurring,  and  arc  liable  to  occur  again,  stimulates 
the  workmen  to  seek  for  improvement  both  in  knowledge  and  in 
position.  There  is  no — or  at  least  very  little — obstacle  thrown  in  the 
way  of  such  advances  by  trade  unionism.  It  is  generally  a  matter  for 
the  workman  himself,  and  for  him  alone.  Indeed,  many  Englishmen 
have  noted  that  the  American  practice  of  advancing  workmen  and 
young  men,  on  what  in  this  countr>'  would  be  regarded  as  insufficient 
experience  and  knowledge  of  tcchniqtte,  is  dangerously  near  to  the 
permissible  margin  of  safety.*  Possibly  accidents  and  mistakes 
sometimes  result  from  this  cause,  but  it  is  fairly  debatable  whether 
in  the  United  States  these  are  much  more  frequent  or  more  serious 
than  in  other  countries,  where  men  arc  often  deemed  to  be  unfit  for 
responsibility  until   they  have  grey  hairs. 

*  A  case  that  ha|)pcne<l  to  a  friend  of  my  own  is  one  of  the  most  notable  I  have  heard 
of.  He  was  only  20  years  of  age,  when,  without  any  previous  experience,  he  was  despatched 
by  his  employers  to  inspect,  at  the  site  and  during  the  course  of  construction,  the  steel  used  in 
a  very  important  bridge  then  being  erected.  Being  an  Englishman,  with  English  traditions  and 
ideas,  he  was  timid  about  undertaking  the  job,  although  he  had  acquired  a  certain  knowletlgc  of 
the  properties  and  treatment  of  metals.  In  the  long  run,  he  accepted  the  job,  and  carried  it 
out  satisfactorily. 
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American  workmen  have  better  cause  to  be  contented,  not  only 
because  they  can  generally  secure  full  employment  at  exceptionally 
high  wages,  but  also  because  they  have  now  the  means  to  live  very 
nearly  as  cheaply  as  in  Great  Britain.  I  made  certain  inquiries  both 
in  the  Eastern  and  the  Southern  States  as  to  the  cost  of  living,  and 
the  information  placed  at  my  disposal  satisfied  me  that  the  average 
American  workman,  in  most  of  the  essentials  of  life,  with  the  single 
exception  of  house  rent,  can  live,  mutatis  mutandis,  as  cheaply  as  he 
can  in  the  old  country.  Clothes  have  hitherto  been  dearer  in  the 
United  States,  but  even  in  the  matter  of  clothing  the  American 
workman  is  not  now  much  behind.  It  is  certain  that  in  workmen's 
restaurants  generally  he  can  do  as  well  for  the  money  expended  as  he 
can  in  England,  with  but  few  exceptions,  while  beef  and  fruit,  which  are 
the  staples,  are  usually  cheaper.  To  test  the  general  economic  situation 
in  this  regard,  I  dined  at  a  popular  restaurant,  just  off  Fifth  Avenue, 
and  I  got  a  five-course  dinner  for  less  than  2s. — quite  as  good  a 
dinner  as  I  could  probably  have  commanded  in  England  at  the  same 
price.     Generally,  strictly  workmen's  restaurants  arc  equally  reasonable. 

Influence  of  Heterogeneous  Population. 

In  one  respect  the  American  mine-owners  and  manufacturers  enjoy 
an  advantage  which  is  almost  quite  unique,  and  is  a  result  of  the 
extraordinary  conditions  under  which  the  country  has  been  populated, 
and  labour  has  been  applied  and  organised.  Throughout  the  United 
States  there  is  a  wonderful  variety  of  nationalities,  who  have  little  in 
common,  except  the  fact  that  they  are  working  for  wages.  They  arc 
not  of  the  same  race,  they  do  not  speak  the  same  language,  they  have 
not  been  trained  amid  the  same  social  and  economic  surroundings,  they 
have  not  inherited  the  same  traditions.  Little  wonder,  then,  that 
when  brought  together  in  the  gn^at  alembic  of  American  induAtric«* 
they  prove  to  be  almost  as  immiscible  as  oil  and  water. 

It  may  be  true  that  in  the  long  run  the  social  alchemy  of  the 
United  States  will  fuse  these  different  materials  int/y  '>nc  W>n\f/^KVM:*Ai^ 
mass.  A  long  time,  however,  must  elapse  befr^<:  thit  ^rr^l  \%  HX\A\\\itA. 
A  large  part  of  the  emigrants  that  maktu  up  tiit  yr^%VAX\ffi\  of  tiys 
United  States  to-day,  are  uneducated,  su]>irrfet.^*>>et  xh:itlt%\,  irid^^lerit, 
and  unenterprising.  The  Americans  btHtrv>r  ^ioA  yfi^i,  fU:Utf<rAf,y  ;»% 
a  social  solvent,  the  common  sch<xyl  ;a*>  ^  fjrf^^.v//,t/^  '^X^ui,  TifA 
intelligent  freedom  as  the  chief  lab'/rail/yr>'  prfjdtict,  thevf:  ^j^rit/.U:rhtif% 
can  be  radically  changed — and  p/v^iMy  they  can  be,  \Ati  fi^A  y*^.  In 
the  eight  years  ended  with  1894.  abf>ut  half  a  milVu^u  ^A  ^::uy^Tku^> 
landed  annually  on  American  shores.  Since  then,  owinjj  t//  Xi^  t^Mr'y,^ 
tions  imposed  by  the  United  States  Government,  the  num'^,r  }^x  f;»,>r. 
to  less  than  300,000  a  year.  Nevertheless,  during  the  lat?  li*f^u 
some  seven  million  emigrants  have  been  carried  to  tbt  ^'r„vy; 
from  every  country  in  Europe,  including  Slavs,  QjucdtiX,  U-.\,  V 
Swedes,  Italians  and  Irish,  not  to  speak  of  minor  ns^sa^y^x 

The  effect  of  this  process  of  blending  racet»  iBV^j</^,'A   -  *>it  j. 
run  beneficial  to  the  character  of  the  community.  W-4»vv*:  t'--^     ^-2 
emigrant  is,  in  the  majority  of  cases,  a  more  cayAJI^^  ^cv;  ^- 
man   than   the   majority  of   his  fellow-counlrjrawtn,  rtvr-    -«• 
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behind.  But  meanwhile  the  main  concern  of  the  emigrant  is  to  get 
employment,  almost  at  any  cost,  and  the  meanest  and  most  common 
.of  labour  in  the  United  States,  by  enabling  him  to  draw  at  least  a 
dollar,  and  in  the  majority  of  cases  a  dollar  and  a  half  a  day,  places 
^im  in  a  position  which  is  almost  affluence  itself  compared  with  the 
conditions  to  which  he  has  been  accustomed  in  his  own  country.  He 
is  not,  therefore,  primd  facie  inclined  to  join  in  any  movements  or 
organisations,  such  as  trade  unionism,  which  would  possibly  make  bis 
circumstances  worse  rather  than  better,  even  if  he  had  other  good 
reasons  for  joining  his  fellow- labourers,  but  not  his  fellow-countrymen, 
in  such  matters. 

But  he  has  other  reasons.  The  jealousy  and  envy  that  are  common 
to  one  race  or  class,  in  competition  with  another,  are  nowhere  more 
clearly  shown  than  in  the  United  States.  The  solidarity  of  action  and 
of  interests  that  would  be  likely  to  prevail  were  the  ranks  of  labour  of 
one  nationality,  is  thus  made  practically  impossible.  Trade  unionism, 
with  its  laws,  its  aspirations,  and  its  influences,  is  thus  kept  in  constant 
.check.  It  becomes  comparatively  easy  under  such  circumstances  for 
the  employers  to  have  their  own  way,  and  when  strikes  are  threatened 
or  declared,  the  ranks  of  labour  do  not  close  up  as  they  would  do  in 
Great  Britain.  Indeed,  the  mixture  of  nationalities  is  the  greatest 
protection  against  trade  union  exactions  that  employers  can  enjoy. 
'Almost  every  American  employer  with  whom  I  had  the  opportunity 
of  discussing  the  subject  admitted  this  to  be  the  case,  and  spoke  with 
the  utmost  candour  of  the  advantages  over  British  conditions  that  were 
thereby  afforded  to  the  United  States.  Labour  in  that  country  is  not 
nearly  so  aggressive  as  it  is  in  our  own.  Most  of  the  labour  organisa- 
tions founded  in  the  United  States,  from  the  time  of  the  Molly 
Maguires,  down  through  the  Knights  of  Labour  and  other  organised 
bodies  of  workmen,  have  fallen  to  pieces  from  the  lack  of  cohesion  and 
one-ness  of  ideas  and  interests  due  to  this  cause.  Hence  workmen 
are  generally  ready  to  make  individual  bargains  with  the  individual 
employer  ;  each  workman  considers  only  himself,  and  need  not  heed 
the  effect  of  his  isolated  contract  on  the  mass  of  his  fellow-workers. 
Hence,  also,  the  readiness  of  the  typical  American  workman  to  fall  in 
with  any  proposals  made  by  the  employer  as  to  how  and  when  and 
with  whom  he  shall  work,  and  the  almost  total  absence  of  those 
restrictions  on  individual  liberty  which  are  so  prominent  a  feature  of 
labour  conditions  in  British  industries.  The  situation  as  thus  described, 
is  not,  however,  wholly  dependent  on  differences  of  race,  tradition  and 
habit.  The  typical  American  mechanic  has  been  described  by  a 
capable  and  shrewd  observer,*  as  one  who  "  lives  chiefly  to  save  labour, 
and  that  labour  appreciates  the  value  to  itself  of  the  mechanic's 
function,"  while  "  in  England,  those  characteristics  are  replaced  by  the 
ancient  wages,  by  the  schemes  fettered  by  trade  society  rules,  and  by 
operatives  who  dislike  all  labour-saving  appliances  because  they  make 
work  scarce." 

With  reference  to    th::    quality    of  mining    labour,   an    interesting 
summary  of  the  characteristics  of  the  different  nationalities  employed 

*  D,  Pidgeon  in  Old  World  Questions,  arui  New   World  Ansu'efs^' p.  281. 
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in  the  Lake  Superior  iron  ore  industry,  was  given  in  the  recent 
Annual  Report  of  the  Commissioner  of  Labour  of  Minnesota,  which 
stated  that  of  8,000  miners  in  the  State,  40  per  cent,  are  Fins,  the 
same  Austro-Huns,  8  per  cent.  Italians,  and  the  remaining  12  per 
cent.  American,  German,  Scotch,  Swedish  and  Welsh.  The  Austrians 
are  stated  to  be  the  least  desirable  of  all.  The  Fins  are  said  to 
make  excellent  citizens.  The  Welshmen  and  Americans  are,  of  course, 
the  best  miners,  but  most  of  them  go  to  fields  where  they  will  not 
compete  with  unskilled  labour  that  has  been  accustomed  to  a  wage  of 
a  few  cents  a  day,  and  the  few  that  remain  have  positions  of  reliability 
and  trust. 

In  some  cases  the  proportion  of  native  Americans  employed  in  the 
iron  industry  is  larger  than  in  others,  much  depending  on  locality. 
At  Vandergrift,  for  example,  90  per  cent,  of  the  workmen  were  declared 
to  be  native  Americans,  the  remainder  being  generally  Swedes,  em- 
ployed as  machinists,  and  Poles  and  Hungarians,  employed  in 
galvanising  and  pickling,  which  is  a  description  of  labour  for  which  the 
native  American  has  but  little  fancy. 

Extent  and  Growth  of  Population. 

The  Census  Report  on  the  population  of  the  United  States  by  sex, 
nativity  and  colour  in  1900,  shows  that  the  males  numbered  39,059,242, 
or  5 1*2  per  cent,  of  the  population.  The  increase  of  13,233.631  in 
total  population  since  1890  is  made  up  of  6,744,179  males  and 
6,489452  females,  an  increase  of  209  of  males  and  211  of  females. 
The  foreign-born  element  has  increased  by  124  per  cent,  and  the 
native-born  population  22*5  per  cent.  Since  1890,  as  to  colour  and 
race,  the  f>opulation  in  1900  comprised  66,990,802  white  persons  and 
9,312,583  coloured  persons,  the  latter  comprising  8,840,785  persons  of 
negro  descent.  The  coloured  element  as  a  whole  shows  an  increase 
of  178  per  cent,  since  1890. 

From  these  figures  two  inferences  appear  to  be  justified — the  first 
that  the  foreign-born  population  is  relatively  decreasing,  so  that  there 
is  a  probability  of  increased  homogeneity  of  labour  in  the  future  ; 
and  the  second  that,  whether  for  good  or  for  evil,  the  negro  population 
continues  to  multiply,  and  must  remain  an  important  factor  in  labour 
questions  in  the  time  to  come. 

Pension  and  Relief  Funds. 

In  most  of  the  leading  works  of  the  United  States,  the  workmen 
have  established  funds  for  the  purpose  of  providing  pensions  in  old 
age,  medical  attendance  in  case  of  sickness,  and  relief  in  case  of  want 
of  employment  or  other  necessities.  Some  of  the  principal  schemes 
of  this  kind  brought  under  my  notice  were  those  of  the  Carnegie 
Company,  the  Midvale  Company,  and  the  Pennsylvania  Steel  Company. 
These  are  not  only  typical  of  the  best  of  their  kind,  but  probably 
actually  are  the  best.  Hence  I  have  published  in  the  Appendix  the 
rules  and  conditions  of  two  of  them — the  Midvale  and  the  Pennsylvania 
schemes. 

The  Pennsylvania  Railroad  Pension  Department  was  only  inaugurated 
on  the  1st  of  January,  1900.  The  year  1900  being  the  first  of  its  existence, 
naturally  brought   before    the    board    of   officers   in   charge    of    the 
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department  many  vital  questions  for  discussion  and  decision,  involving 
points  bearing  upon  the  regulations  of  the  department,  and  features 
tending  to  such  improvements  as  were  made  necessary  by  practical 
experience,  in  addition  to  disposing  of  the  regular  routine  of  business. 

In  accordance  with  the  provision  made  under  the  regulations,  a  plan 
was  adopted  for  the  appointment  monthly  of  medical  examiners  of 
the  company's  Relief  Fund,  to  serve  as  boards  of  physicians  of  the 
Pension  Fund,  with  the  duty  assigned  them  of  making  physical 
examinations  of  such  employes  between  65  and  69  years  of  age  who 
had  been  30  or  more  years  in  the  service,  and  who  were  incapacitated 
for  the  performance  of  further  active  service,  and  who  either  made 
personal  request  for  retirement,  or  were  recommended  therefor  by 
their  employing  officers. 

There  was  authorised  to  be  paid  in  pension  allowances  during  the 
year,  the  sum  of  244,019  dols.,  which  expenditure  was  borne  entirely 
by  the  associated  companies,  in  addition  to  the  cost  of  operation  of  the 
department. 

The  retirements  during  the  year  numbered  1,292,  of  whom  89  per 
cent,  or  1,149,  were  70  years  of  age  or  over,  and  11  per  cent,  or  143, 
between  65  and  69  years  old.  Of  the  latter,  83  were  retired  at  their 
own  request  on  the  recommendation  of  their  employing  officers,  the 
remainder,  60  in  number,  purely  upon  the  recommendation  of  their 
employing  officers.  One  hundred  and  two  pensioners  died  during  the 
year,  95  of  whom  were  of  the  70-year  or  over  class,  and  seven  of 
the  65  to  69-year  class. 

The  employes  who  have  been  retired  from  active  service  and  are 
receiving  the  benefits  provided  by  the  regulations  of  the  department, 
have  indicated  their  gratification  and  pleasure  by  marked  expressions 
of  appreciation  and  evidences  of  universal  satisfaction.  The  popularity 
of  the  department  is  widespread,  not  only  among  those  who  are  the 
recipients  of  its  favours,  but  also  among  the  many  who,  in  expectation 
of  long  years  of  life,  hope  to  realise  in  their  declining  days  the  fruits 
of  so  worthy  an  institution,  fortified  in  its  generosity  by  the  financial 
ability  of  so  strong  a  corporation. 

The  pension  allowances  granted  by  the  Pension  Department  are 
direct  allowances  made  by  the  companies  associated  in  the  Pension 
Department,  no  portion  of  which  is  made  up  of  contributions  to  any 
fund,  or  in  any  way,  by  the  employes.  There  is  no  accumulated  fund 
in  existence,  and  the  allowances  arc  made  as  the  result  of  an  agreement 
by  each  of  the  companies  associated  in  the  Pension  Department,  by 
which  their  boards  of  directors,  with  the  approval  of  the  stockholders, 
consented  to  expend  a  certain  fixed  sum  of  money  per  year  for  the 
payment  of  pensions  and  the  expenses  of  conducting  that  department. 
The  pension  allowances  are  charged  out  in  the  expenses  of  the  different 
companies  in  the  same  manner  as  the  wages  of  the  employes  were 
charged  out  prior  to  their  being  relieved  from  active  service,  and  in  that 
way  become  operating  expenses  of  the  companies. 

The  Carnegie  Company's  Pension  Fund  is  founded  on  a  trust  gift 
of  four  million  dollars  made  by  Mr.  Andrew  Carnegie  on  his  retirement 
from  the  firm  in  1901.  The  donation  was  attended  by  the  provision  that 
the  income  from  this  gift  should  be  employed  to  give  relief  to  disabled 
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wagc-eamers  on  the  Carnegie  Company's  plants,  and  for  pensioning 
men  who  had  been  worn  out  in  the  service.  As  a  trust  fund  it  is  not 
subject  to  any  claims  against  the  company  which  may  be  asserted 
or  established  by  suit  based  on  accident  or  death,  and  it  is  not  dispensed 
in  place  of  such  relief  as  the  company  have  been  in  the  habit  of 
providing  where  called  for. 

In  many  instances  the  workmen  provide  for  cases  of  accident  by 
contributions  to  the  local  hospitals,  and  in  many  cases  the  employers 
contribute  equal  amounts.  One  instance  brought  to  my  notice  is  that 
of  J.  H.  Williams  &  Company,  of  Brooklyn,  who,  with  their  men, 
make  the  largest  contributions  to  hospital  work  of  any  factory  in  the 
city.  Here,  also,  as  in  many  other  cases,  the  men  carry  on  a  mutual 
aid  society,  which  makes  weekly  allowances  to  the  sick,  immediate  cash 
payments  in  case  of  death,  and  employs  a  physician,  whose  business  it 
is  to  give  medical  attendance  and  medicine  without  charge. 

The  Apprentice  System. 

In  a  number  of  the  leading  American  works,  the  principals  attach 
importance  to  binding,  as  apprentices  or  otherwise,  lads  and  young 
men  who  have  had  the  advantage  of  a  first-class  education,  and  hence 
in  many  establishments  which  I  visited  I  found  that  the  college 
graduate  in  a  subordinate  position  was  by  no  means  a  rara  avis. 
Indeed,  in  some  cases,  as  at  the  works  of  the  Midvale  Steel  Company, 
at  Philadelphia,  my  attention  was  specially  called  to  the  unusually 
large  number  of  college  graduates  that  were  employed  on  the  premises 
in  various  positions.  In  other  cases,  as  at  the  works  of  the  Baldwin 
Locomotive  Company,  and  of  William  Sellers  &  Company,  it  is  quite 
a  usual  thing  to  start  a  college  graduate  on  sufficient  pay  to  defray 
the  cost  of  his  board  and  lodging,  and  so  much  importance  is  attached 
to  having  well  educated  workmen  that  in  both  of  these  cases  night 
schools  are  carried  on,  for  the  benefit  of  young  men  or  lads  whose 
scholastic  training  has  left  something  to  be  desired,  and  who  are 
encouraged  by  various  means  to  improve  it.  In  such  cases  the  foreman 
of  a  particular  group  of  employes  is  charged  with  the  duty  of  keeping 
an  eye  on  the  apprentice  out  of  doors,  as  well  as  in  the  shops.  If  the 
foreman  finds  that  the  youngster  is  less  diligent  and  regular  in  his 
studies  than  he  should  be,  or  that  he  has  a  tendency  to  loafing  and 
looseness,  the  fact  is  made  known,  and  promotion  is  affected  thereby. 
In  these  and  other  ways,  large  firms  like  the  Baldwin  concern  take 
infinite  pains  to  get  together  a  permanently  steady,  capable  and  con- 
tented class  of  workmen,  and  to  a  large  extent  they  appear  to  be 
successful  in  their  efforts. 

In  conversation  with  Mr.  Vauclain,  one  of  the  partners  in  the 
Baldwin  Locomotive  Works,  and  the  inventor  of  the  well-known 
locomotive  that  bears  his  name,  he  told  me  that  nearly  20  per  cent. 
of  the  total  hands  employed  at  these  works  are  apprentices.  There 
is  a  strong  desire  on  the  part  of  the  youth  of  Philadelphia  to  enter 
the  Baldwin  Works.  Many  young  men  get  permission  to  enter  without 
being  indentured,  on  the  chance  of  securing  their  indentures  when 
they  have  been  there  for  a  time.  The  present  form  of  indenture  has 
been  in  operation  since  the  beginning  of  1901.     In  the  Appendix  will 
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be  found  a  circular  on  the  apprenticeship  system  of  the  Baldwin 
Works,  which  gives  details  of  the  three  classes  into  which  the  appren- 
tices are  divided,  and  shows  that  the  rate  of  remuneration  paid  varies 
from  5  cents  per  hour  for  the  first  year,  and  7  cents  per  hour  for  the 
second  year,  to  apprentices  of  the  first  class,  up  to  13  cents  per  hour 
for  the  first  year,  and  16  cents  per  hour  for  the  second  year  to 
apprentices  of  the  third  class.  The  last  named  are  over  twenty-one 
years  of  age,  and  graduates  of  colleges,  etc.,  and  not  a  few  are  glad  to 
take  advantage  of  the  facilities  thus  provided  at  a  rate  of  remuneration 
that  enables  them  to  procure  a  livelihood  from  the  outset  of  their 
apprenticeship.  At  the  same  time,  as  the  owners  of  the  Baldwin 
Locomotive  Works  attach  much  importance  to  a  sound  and  sufficient 
education,  they  provide  facilities  to  the  apprentices  in  the  first  and 
second  classes  to  improve  their  general,  and  especially  their  technical, 
knowledge  by  night  and  other  schools.  There  are  four  or  five  different 
institutes  in  Philadelphia  that  specially  lay  out  their  curriculum  for 
such  young  men,  and  especially  in  respect  of  such  subjects  as  geometry, 
algebra,  etc.    The  same  conditions  hold  good  in  other  industrial  districts. 

A  Typical  Labour  As:reeiiient. 

The  following  is  a  typical  agreement  of  the  kind  that  is  now  made 
between  employers  and  employed  under  up-to-date  conditions  in  leading 
industrial  centres : — 

"  I.  That,  beginning  with  July  25,  1901,  the  minimum  wages  for 
moulders  in  the  city  of  St.  Louis  shall  be  as  follows  :  For  floor  moulders, 
2*85  dols.  per  day  of  10  hours,  and  for  bench  moulders,  2*65  dols.  per 
day  of  10  hours. 

'*  2.  That  prices  to  be  paid  for  piece  work  shall  be  fixed  by  mutual 
agreement  between  employer  and  the  workman  or  workmen  who  per- 
form the  work.  Such  prices  shall  allow  a  journeyman  moulder  to 
earn  at  least  the  minimum  wages  for  the  class  to  which  he  belongs. 

"  3.  That  all  overtime,  except  in  cases  of  accident  or  causes  beyond 
control,  shall  be  paid  for  at  the  rate  of  time  and  one-half,  with  double 
time  for  Sundays  and  the  following  legal  holidays  :  Fourth  of  July, 
Labour  Day,  Thanksgiving  Day  and  Christmas.  Overtime  exceeding 
30  minutes,  in  cases  of  accident  or  causes  beyond  control,  shall  be  paid 
for  at  the  single  time  rate,  provided,  however,  that  in  order  to  draw 
overtime  the  moulders  must  be  willing  to  do  additional  work  at  moulding 
for  a  period  corresponding  to  such  overtime. 

*'4.  That  this  agreement  shall  remain  in  force  till  July  I,  1902, 
and  that  a  conference  of  the  parties  hereto  shall  be  held  on  or  about 
June  I,  1902,  to  arrange  for  the  modification  or  extension  of  the  .same, 

"  5.  That  during  the  life  of  this  agreement  no  strike  shall  be  ordered 
or  sanctioned  by  the  union,  nor  any  lock-out  ordered  or  sanctioned  by 
the  Association  of  ICmployers  in  the  shop  of  any  member,  for  any 
reason  whatever,  until  the  matter  in  dispute  has  been  submitted  to 
a  committee  of  investigation  or  arbitration,  to  be  composed  of  three 
members  to  be  appointed  by  the  association  and  three  members  to  be 
appointed  by  the  men.  The  decision  of  a  majority  of  said  committee 
shall  be  rendered  within  five  days  from  the  date  upon  v.hich  the 
question  in  dispute  shall  have  been  submitted  to  it,  and  shall  be  con- 
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sidered   final,   in    so    far    as    the    future    working    of   the    respective 
organisations  is  concerned." 

Strikes  and  Lock-outs. 

Within  the  last  three  years  the  United  States  have  witness'id  three 
of  the  most  important  strikes  that  have  ever  taken  place  in  its 
industrial  history  ;  the  first  being  the  strike  of  anthracite  coal  miners 
in  Pennsylvania  in  1900 ;  the  second,  the  strike  of  the  machinists  in 
various  sections  of  the  country  in  1901  ;  and  the  third,  the  great  strike 
of  iron  and  steel  workers  in  the  autumn  of  the  latter  year. 

These  three  disputes  afford  the  opportunity  of  saying  something 
as  to  the  general  conditions  of  labour  in  the  industries  in  which  they 
occurred,  and  have  so  happened  in  relation  to  similar  disputes  in  our 
own  country  as  to  enable  useful  comparisons  to  be  made  that 
practically  illustrate  the  conditions  of  to-day. 

Tlu  Anthracite  Coal  Miners'  Strike, — This  important  strike,  which 
took  place  in  September  of  1900,  involved  the  closing  of  about  210 
anthracite  mines,  and  laid  idle  142.500  hands,  including  those  who 
were  unable  to  continue  at  their  employment,  although  not  among  the 
strikers. 

The  miners'  grievances  were  stated  to  be — first,  low  prices  for 
mining  the  coal  by  the  ton,  carload,  and  yard  ;  second,  the  dockage 
system,  which  allowed  the  miner  to  be  paid  only  for  good  coal  produced, 
was  declared  to  be  robbing  him  of  a  large  proportion  of  his  labour ; 
third,  the  practice  on  the  part  of  the  employers  of  demanding  more 
than  2,240  lbs.  to  the  ton.  to  enforce  which  the  trucks  loaded  by  the 
miners,  which  were  supposed  to  hold  just  one  ton,  were  greatly 
increased  in  size,  many  of  them  holding  from  3.000  to  3,800  lbs., 
without  any  corresponding  increase  in  payment ;  fourth,  the  high  price 
charged  for  powder  and  the  accessories  necessary  to  the  miner  ;  fifth, 
the  lack  of  uniformity  in  wages  paid  for  labour  in  various  districts ; 
sixth,  the  sliding  scale  in  force  in  the  Lehigh  and  Schuylkill  regions, 
including  the  Philadelphia  and  Reading  Railroad  mines  «'it  Shamokin  ; 
seventh,  the  price  of  living  having  considerably  increased  and  the 
sliding  scale  having  in  some  cases  reduced  the  men's  wages  by  H  |X5r 
cent. ;  eighth,  failure  on  the  part  of  the  majority  of  the  companies  to 
comply  with  the  State  law.  which  provides  that  employes  shall 
be  paid  semi-monthly  in  cash  ;  ninth,  the  company  store  syslein, 
together  with  the  compulsory  doctor's  fee ;  tenth,  the  sysUtxn  \i\>ttu 
which  the  company  store  was  worked  compelled  the  it\n\A'tyi:^  of  ih'; 
companies  to  purchase  all  necessaries  of  life  from  the  ofripani^rs'  stores  ; 
eleventh,  failure  to  comply  with  this  requirement  was  suffKJirrit  j^round 
for  a  man's  discharge  ;  twelfth,  owing  to  the  excessive*  '  liar^/cs  iwu\*: 
under  this  system,  there  were  instances  where  miner!)  UavWy  evrr 
received  any  cash  payment,  being  alwa\'s  in  del>t  to  ih'r  </fm\tHiiy  >Aor':  ; 
thirteenth,  while  it  is  true  that  this  was  sometimes  dii/;  t/y  ex U.iv;r';<  ;/'>': 
on  the  part  of  the  miner,  it  was  naturally  the  i^Auy  of  the  oj^^rr^j^vr*. 
to  kee|)  the  men  as  much  in  their  power  as  jxir^iWe. 

As  a  result  of  the  strike  the  miners  got  an  h'Ivhu'^i  itt  '/,:y/'r  '^ 
ID  per  cent,  and  a  promise  on  the  part  of  the  ':;u]/.'f\*  s  to  ;nt:2^ 
committees  of  the  men  to  adjust  local  grievances. 
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The  Machinists'  Strike, — In  the  case  of  the  machinists'  strike,  in 
March  of  1901,  a  form  of  **  agreement "  between  the  employers  and  the 
various  lodges  of  the  International  Association  of  Machinists  was 
drafted  and  presented  to  the  owners  of  all  uriion  machine  shops  for 
their  signature.     The  text  of  the  "  agreement "  follows  : — 

1.  Machinists, — A  machinist  is  classified  as  a  competent  general 
workman,  competent  floor  hand,  competent  lathe  hand,  competent  vice 
hand,  competent  planer  hand,  competent  shaper  hand,  competent 
milling  machine  hand,  competent  slotting  machine  hand,  competent  die 
sinker,  competent  boring  mill  hand,  competent  tool  maker,  and  com- 
petent linotype  hand. 

2.  Hours. — Nine  hours  shall  constitute  a  day's  work  on  and  after 
May  20,  1901. 

(Note :  This  arrangement  of  hours  is  not  to  interfere  in  any  way 
with  shops  where  a  less  number  of  hours  per  day  is  already  in 
operation.) 

3.  Overtime. — All  overtime  up  to  12  o'clock  midnight  shall  be  paid 
for  at  the  rate  of  not  less  than  time  and  one-half  time,  and  all  overtime 
after  12  o'clock  midnight,  Sundays  and  legal  holidays,  shall  be  paid 
for  at  the  rate  of  not  less  than  double  time. 

(Note :  The  foregoing  rates  are  not  to  interfere  in  any  way  with 
existing  conditions — that  is.  where  higher  rates  than  above  are  paid 
no  reduction  shall  take  place.) 

4.  Alight  Gangs. — All  machinists  employed  on  night  gangs  or  shifts 
shall  receive  overtime  in  accordance  with  Section  3,  for  all  hours 
worked  over  54  per  week. 

5.  Apprentices. — There  may  be  one  apprentice  for  the  shop,  and  in 
addition  not  more  than  one  apprentice  to  every  five  machinists.  It  is 
understood  that  in  shops  where  the  ratio  is  more  than  the  above,  no 
change  shall  take  place  until  the  ratio  has  reduced  itself  to  the  proper 
number  by  lapse,  or  by  expiration  of  existing  contracts. 

6.  Wages. — An  increase  of  12^  per  cent,  over  the  present  rates 
is  hereby  granted,  to  take  cfifcct  May  20,  1901. 

7.  Griri'ances, — In  the  case  of  a  grievance  arising,  the  above  com- 
pany agrees  to  receive  a  committee  of  their  machinists  to  investigate 
and,  if  po.ssible,  adjust  the  same.  If  no  adjustment  is  reached  the  case 
shall  be  referred  to  the  above  company  and  the  representatives  of  the 
International  Association  of  Machinists.  If  no  satisfactory  settlement 
can  then  be  ag/eed  upon,  the  whole  subject-matter  shall  be  submitted 
to  a  board  of  arbitration  consisting  of  five  persons,  two  to  be  selected 
by  the  above  company,  two  by  the  above  lodge  of  the  International 
Association  of  Machinists,  and  the  four  to  choose  a  fifth  arbiter,  and 
the  decision  reached  by  this  board  is  to  be  binding  on  both  parties 
to  this  agreement. 

A  prominent  machinery  manufacturer  in  Chicago,  in  June  of 
1901,  made  the  following  statement  to  the  Press  concerning  the 
strike  of  machinists  then  pending  :  — 

"The  machinists  demanded  \2\  per  cent,  increase  in  the  city  of  Chicago.  We 
offered  5  per  cent,  at  the  last  conference.  At  the  first  conference  they  were  offered 
64  per  cent.  Both  propositions  they  refused  and  went  out  on  strike.  Incidentally 
the  strike  involves  the  question  of  freedom  of  shop  management.     To  accede  to  the 
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demrnds  of  the  union  would  mean  practically  placing  each  shop  at  the  mercy  of 
the  International  Association  of  Machinists.  This  would  result  in  the  extinction  of 
the  *  handy '  men,  the  limitation  of  apprentices,  the  limitation  of  output,  and  shop 
rules  and  regulations  hostile  to  the  success  of  any  manufacturing  business.  The 
growing  disposition  to  interfere  with  shop  management  has  alarmed  the  manu-> 
facturers  throughout  the  country,  who  are  not  primarily  opposed  to  liberal  wages, 
but  who  see  in  the  growth  of  the  unions  a  menace  to  all  manufacturing  prosperity 
in  this  country.  The  average  American  manufacturer  is  proud  of  the  wages  paid 
in  this  country,  and  does  not  entertain  the  idea  that  American  wages  should  be  on  a 
parallel  with  foreign  wages.  The  American  manufacturer  believes  that  by  superior 
shop  management  he  can  more  than  make  up  for  the.  difference  in  the  wage  paid  in 
this  country  as  compared  with  that  paid  in  Europe. 

''  Unionism  has  resulted  in  an  apparent  advance  of  wages  now  and  then,  hut  the 
showing  is  purely  fictitious.  With  the  constant  menace  of  a  strike,  and  collective 
demands  for  higher  wages,  the  manufacturer  in  many  instances  has  been  obliged  to 
adjust  his  wages  to  meet  the  conditions,  well  knowing  that  whatever  individual  rises 
he  may  have  made  on  account  of  merit,  he  may  still  be  subjected  to  a  collective  and 
arbitrary  demand  for  further  amounts.  If  unionism  would  keep  its  hands  off  the 
shops  of  America,  and  leave  every  mechanic  to  develop  his  efficiency  unhampered 
by  the  dictates  of  his  union,  the  wage  would  immediately  respond  to  individual 
merit  as  it  always  has  done.  The  lowest  class  of  mechanic  may  have  been  helped  to 
a  higher  wage  through  his  union,  but  the  best  mechanic  has  been  correspondingly 
robbed  of  his  independence.  The  manufacturer  hopes  to  resist  this  levelling  pro- 
cess of  unionism  and  restore  the  independence  and  manhood  of  the  American 
mechanic." 

On  the  lines  here  laid  down,  the  is.sue  between  the  International 
Association  of  Machinists  and  the  National  Metal  Trades  Association, 
as  representing^  the  en<^ineering  employers  of  the  United  States,  was 
fought  out.  The  strike  followed  on  the  refusal  of  the  employers  to 
meet  demands  made  by  the  machinists  in  January,  1900.  at  which  time 
their  union  was  stated  to  be  nearly  3S,oco  strong.  The  strike  lasted 
for  several  months,  and  could  not  be  said  to  have  come  to  any  formal 
close.  While  in  some  cases  employers  made  concessions  to  the 
machinists,  in  the  great  majority  of  the  works  they  gained  nothing  by 
the  .strike,  and  it  could  hardly  be  affirmed  that  it  has  to-day  helped 
them  to  a  more  satisfactory  position  from  a  labour  p^^int  of  view. 

TAe  Iron  Workers  Strike. — The  strike  which  was  undertaken  by 
the  Amalgamated  Association  in  the  summer  of  1901  made  it  clear 
that  the  single  control  of  the  United  States  Steel  Corporation  had 
been  of  great  advantage  in  meeting  the  combination  of  the  workmen 
by  united  action  on  the  part  of  the  employers.  It  is  not  ea.sy  for 
a  trade  union  to  resist  the  action  of  an  organisation  with  a  stock 
capitalisation  of  1,100  million  dollars,  and  a  debt  of  304  millions, 
this  being  the  largest  capitalisation  that  has  ever  taken  place  in 
the  history  of  industrial  enterprise. 

The  strike  of  .steel  workers,  which  took  place  in  the  summer 
of  1901,  and  lasted  for  nearly  two  months  in  some  localities,  was 
one  of  the  most  abortive  that  has  ever  taken  place  on  American 
soil.  Virtually  it  was  resolved  on  for  the  more  general  recognition 
of  the  union,  although  ostensibly  also  for  other  purposes.  In  the 
end  the  strikers  had  to  come  to  a  settlement  on  the  basis  of  the 
status  quo,  and  their  official  organ  thus  dealt  with  the  arrange- 
ment : — 

"  The  causes  that  led  up  to  this  un.satisfactory  settlement  were  the 
overwhelming  odds  that  the  association  had  to  battle  against,  the  daily 
Press,  public  opinion,  the  advice  of  prominent  labour  leaders,  and  the 
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withdrawal  of  credit  by  merchants.  The  injunction  issued  by  the 
Federal  courts,  the  degeneracy  of  the  ex-members  who  happen  to  hold 
managing  positions  in  the  tinplate  mills  becoming  strike-breakers  and 
teachers  of  strike-breakers,  going  among  their  former  associates  in 
unionism,  tempting  and  seducing  them  from  the  standard  of  unionism 
by  bribery  and  promises  of  prominent  and  steady  employment ;  the 
unlimited  use  of  money  by  the  United  States  Steel  Corporation,  and  its 
evident  willingness  to  spend  millions  to  teach  green  labour  to  become 
experienced  and  skilled.     .     .     . 

*  The  trust  insisted  that  whatever  mills  they  would  begin  to  operate 
would  have  to  be  excluded  from  the  list  of  mills  that  they  would  treat 
with  the  association  for." 

The  most  prominent  effect  of  the  strike  has  been  to  virtually  wipe 
out  the  union  in  many  of  the  leading  districts,  so  that  in  the  American 
steel  trade,  trade  unionism  was  probably  never  so  much  at  a  discount 
and  in  such  disrepute  as  at  the  present  time.  The  majority  of  the 
important  concerns  have  made  new  arrangements  with  their  workmen, 
many  of  them  less  advantageous  to  labour  than  those  previously  in 
operation,  and  most  of  them  expressly  refusing  direct  recognition  of 
unions,  or  union  officials,  as  such. 

Arbitration  and  Conciliation. 

For  a  number  of  years  past  both  employers  and  employed  in  the 
United  States,  and  especially  those  in  the  iron  and  steel  industries,  have 
given  much  attention  to  the  conditions  under  which  conciliation  and 
arbitration  may  be  most  usefully  applied.  One  of  the  earliest  to  press 
this  on  their  notice  was  the  late  Mr.  Jos.  D.  Weeks,  of  Pittsburg, 
with  whom  I  had  again  and  again  discussed  the  subject  nearly  thirty 
years  ago,  and  to  whom  I  had  the  privilege  of  giving  assistance  in  the 
compilation  of  the  various  publications  he  had  written  dealing  with 
those  methods  of  settlement,  based  on  my  early  experience  of  them  in 
the  North  of  England. 

There  are  now  four  trades  in  the  United  States  in  which  systems  ot 
arbitration  as  to  specific  disputes  have  been  established  in  a  formal 
manner  and  on  a  national  scale.  These  are  the  stove-moulding  trade, 
the  general  foundry  trade,  the  machinists'  trade,  and  the  printing  trade. 
In  all  of  these  cases  the  system  has  been  established  by  a  permanent 
written  agreement  between  organisations  of  employers  and  employes, 
and  did  not  rest,  as  in  some  other  trades,  on  annual  agreements  regard- 
ing the  conditions  of  labour,  or  on  mere  custom  or  tacit  understanding. 
Thvse  permanent  agreements  in  the  first  three  trades  named  prohibit 
altogether  strikes  and  lock-outs  on  the  part  of  members  of  the  organisa- 
tions, and  provide  for  the  settlement  of  all  differences  by  joint 
committees.  In  the  printing  trade  the  system  of  arbitration  applies 
only  in  the  case  of  such  employers  as  enter  into  contract  with  unions 
to  be  subject  to  it. 

I  am  told  that  in  the  iron  and  steel  trade  the  constitution  of  the 
Amalgamated  Association  of  Iron  and  Steel  Workers  directs  the 
formation  of  mill  committees  to  represent  the  employes  in  dealings 
with  employers  as  to  minor  matters.  Manufacturers  who  enter  into 
agreements  with  the  organisation  bind  themselves  to  recognise  this 
mill  committee.     In  case  of  failure  to  reach  a  settlement  locally  the 
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matter  is  to  be  taken  up  by  the  district  officers  of  the  Amalgamated 
Association  in  connection  with  the  mill  management.  Although  there 
is  no  provision  for  ultimate  reference  to  a  formally  constituted  joint 
board  of  employers  and  employes,  or  to  an  outside  arbitrator,  it  is  stated 
that  the  spirit  of  employers  and  employes  is  usually  such  as  not  to 
tolerate  a  cessation  of  work  on  account  of  local  differences  in  plants 
where  the  Amalgamated  Association  is  dealt  with. 

The  tin  workers'  agreement  with  the  American  Tinplate  Company 
provides  for  settlement  of  disputes  by  negotiations  between  the  "  mill 
committee  "  of  the  men  and  the  employer,  with  appeal  to  the  district 
officers  of  the  union  and  the  district  manager,  and  ultimately  to  the 
same  joint  committee  which  adopts  the  annual  agreements. 

A  recent  pronouncement  on  the  subject  states  that  in  a  considerable 
number  of  States  laws  have  been  passed  providing  for  permanent 
State  boards  of  arbitration,  and  while  in  some  of  the  States  the  laws 
have  been  almost  dead  letters,  several  of  the  boards  thus  established 
have  accomplished  noteworthy  results.  In  other  States  the  Legislatures 
have  passed  statutes  encouraging  the  formation  of  local  boards  of 
conciliation  and  arbitration.  In  many  trades  the  conditions  of  labour 
in  not  a  few  localities  are  determined  by  conferences  between  employers 
and  employes  or  between  representatives  of  organisations  of  employers 
and  employes.  These  conferences  often  result  in  written  agreements 
prescribing  the  terms  of  the  labour  contract  for  a  given  period  of  time. 
The  practice  is  also  growing  of  referring  disputes,  especially  those 
relating  to  the  interpretation  of  the  labour  contract,  to  committees 
representing  the  employers  and  employes,  while  in  many  instances 
impartial  umpires  or  arbitrators  are  called  in  to  settle  matters  as  to 
which  such  committees  cannot  agree.  The  most  conspicuous  manifes- 
tation of  the  movement  in  favour  of  more  harmonious  relations  between 
employers  and  employes  is  found  in  the  systems  of  conferences  and 
joint  agreements  covering  trades  throughout  the  entire  country,  or 
throughout  large  sections.  In  most  of  the  lo  or  12  trades  in  the 
United  States  in  which  such  wide-reaching  systems  exist,  they  have 
been  established  within  the  past  15  years,  while  fully  half  of  the 
systems  date  back  not  more  than  five  years. 

In  the  case  of  the  iron  and  steel  trades  the  representative  character 
of  the  conferences  by  which  the  annual  agreements  are  reached  is 
secured  largely  by  the  establishment  of  separate  or  branch  committees 
for  the  distinct  branches  of  the  trade.  These  branch  committees 
themselves  usually  consist  of  a  considerable  number  of  persons,  ranging 
from  five  to  20  or  more.  They  negotiate  separately  in  the  first  instance 
as  regards  matters  concerning  their  respective  branches,  but  usually, 
if  they  fail  to  agree,  reference  is  made  to  a  general  committee,  which 
in  most  cases  is  composed  simply  of  all  the  branch  committees  acting 
together.  In  two  trades  general  agreements  have  been  adopted  by 
relatively  small  numbers  of  representatives.  Thus  in  the  stove  foundry 
trade  the  collective  bargaining  is  entrusted  to  the  same  '*  conference 
board,"  composed  of  the  presidents  of  the  national  organisations  of 
employers  and  employes  and  of  three  other  persons  on  each,  which 
arbitrates  in  minor  disputes.  It  is  probable,  however,  that  other 
Tcpresentatives  of  the  respective  organisations  also  attend  the  con- 
ferences, but  with  no  voting  power. 


SECTION    IV. 


CHAPTER   VII. 

Organisation  and  Administration  in   Industrial 

Affairs. 

While  the  general  tenour  and  specific  facts  of  this  Report  are  likely 
to  afford  some  insight  into  the  conditions  of  organisation  and 
administration  under  which  American  works  arc  carried  on,  there  are 
a  number  of  side-lights  that  can  only  suitably  be  thrown  on  the 
subject  by  devoting  a  special  section  to  their  consideration.  These 
necessarily  deal  with  some  features  that  are  more  or  less  national  and 
racial,  with  others  that  are  due  to  climatic  conditions,  and  with  others,, 
again,  that  are  more  or  less  of  the  original  needs  of  the  country — 
as  of  nearly  all  new  countries — in  respect  of  meeting  wants  that  could 
not  otherwise  be  met,  by  enterprise,  energy,  and  adaptability.  The 
latter  are  not  new  qualities,  although  Europe  has  given  more 
attention  to  them  of  late  years  than  formerly.  More  than  sixty  years 
ago  "  Sam  Slick  "  declared  that  '*  VVc  are  all  in  a  hurry  in  the  States. 
We  eat  in  a  hurry,  drink  in  a  hurry,  and  sleep  in  a  hurry.  We  all  go- 
ahead  so  fast  it  keeps  one  full  spring  to  keep  up  with  the  others,  and 
one  must  go  it  hot  foot  if  he  wants  to  pass  his  neighbours." 

Attitude  of  Principals. 

A  writer  on  American  commercial  conditions  recently  ascribed  the 
success  of  the  American  people  in  industrial  affairs,  not  to  the  wonderful 
natural  resources  with  which  they  have  been  endowed,  but  to  their 
energy,  perseverance,  and  hard  work.  "  We  succeed,"  it  was  remarked, 
"  because  we  deserve  to  do  so."  While  this  may  be  looked  upon  as 
carrying  self-complacency  a  little  further  than  the  strict  tenets  of 
modesty  can  sanction,  there  is  much  to  be  said  for  the  deserts  of 
American  manufacturers.  I  found,  for  example,  that  in  a  large  number 
of  cases — probably,  although  I  cannot  verify  this  supposition,  in  the 
majority — the  responsible  partners  arc  at  their  desks  at  or  about  eight 
in  the  morning,  and  remain  there  until  at  least  half-past  five  or  six  in 
the  evening.  One  case  in  point  may  serve  for  the  whole.  I  had  the 
opportunity  of  being  brought  into  personal  contact  with  three  of  the 
seven  partners  in  the  Baldwin  Locomotive  Works  at  Philadelphia.  I 
asked  one  of  these  gentlemen  at  what  hour  the  partners  were  accustomed 
to  get  to  business  in  the  morning.  His  reply  was  that  they  were 
rarely  later  than  a  quarter-past  eight.  This  fact  naturally  suggests- 
the  inquiry  :  How  many  British  manufacturers  in  equally  influential 
circumstances  would  be  found  at  their  offices  at  the  same  hour?     It 
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is  no  part  of  my  business  to  investigate  this  point,  but  it  is  clear  that 
if  the  number  be  small,  and  if  the  usual  hour  in  Great  Britain  be  an 
hour  later,  that  hour  spread  over  a  week,  even  if  compensated  by  an 
hour's  longer  work  in  the  afternoon,  is  likely  to  be  capable  of  esti- 
mation as  a  distinct  loss.  I  may  add  that  in  other  cases  wc  found 
that  the  responsible  superintendents  or  managers  of  works — as,  for 
example,  the  Duquesne  Works  of  the  Carnegie  Steel  Company,  where 
Mr.  Parkes  and  myself  found  ourselves  at  a  somewhat  late  hour — 
remained  on  duty  until,  or  resumed  duty  at,  a  late  hour  of  the  evening. 
In  a  recent  article  the  Philadelphia  Times,  a  journal  of  high 
character,  speaking  of  the  early  and  industrious  habits  of  the 
Americans,  remarked  that  "  Many  of  the  chiefs  of  our  great  industries 
are  at  their  places  of  business  at  eight  o'clock  in  the  morning,  and  they 
remain  there  until  the  last  working  man  goes  home.  Americans 
achieve  success  by  hard  labour." 

How  Men  are  Handled. 

I  could  hardly  fail  to  note  that  in  the  United  States  the  keener 
rivalry  and  the  more  aggressive  ambition  to  succeed,  leads  to  less  con- 
sideration for  the  feelings  and  fortunes  of  "  the  other  man  "  than  is 
prevalent  in  Britain.  The  British  system,  from  the  highest  to  the 
lowest,  appears  to  have  a  basis  of  esprit  de  corps,  reciprocity,  and 
sentiment  which  is  not  so  common  in  the  United  States.  Trades 
unionism  itself  often  has  its  foundations  deep  down  in  humane  ideals, 
designed  to  achieve  what  are  believed  to  be  desirable  ends  of  a 
collective,  as  distinguished  from  an  individualist,  character.  But  in  the 
United  States,  due  largely  to  the  more  cosmopolitan  character  of  the 
country,  it  is  every  man  for  himself,  and  the  result  is  often  bad  for  the 
individual.  Long  contracts  for  services  arc  rare.  Generally  speaking, 
men  can  be  got  rid  of  on  a  day's  notice.  The  most  faithful  services 
are  not  accepted  as  a  set-off  against  one  mistake.  In  the  higher  walks 
of  administration  so  much  importance  is  attached  to  the  spur  of 
ambition  or  necessity,  that  in  not  a  few  cases  men  have  been  got  rid 
of  when  they  had  attained  a  certain  measure  of  wealth  on  the 
assumption  that,  having  reached  that  standard,  they  would  be  likely 
to  take  things  more  easy.  This  has  been  notoriously  the  case  in  the 
Carnegie  Company's  concerns.  It  is  a  standing  joke  in  Pittsburg, 
that  when  a  partner  in  that  enterprise  is  "  sent  to  Europe,"  it  is  but  an 
understood  euphemism  for  having  him  got  rid  of  entirely,  and,  if  I  am 
correctly  informed,  this  has  in  several  cases  actually  happened. 

Between  the  British  system  of  retaining  a  general  or  deptirtmental 
manager  until  his  working  days  are  almost  done,  and  the  American 
system  of  getting  rid  of  any  man,  however  exalted  his  position,  when 
there  is  the  least  evidence  that  his  efficiency  and  his  power  of  endurance 
are  waning,  there  is  a  great  gulf  fixed,  and  I  shall  not  be  expected  to 
discuss  the  ethics  of  the  question.  I  would,  however,  point  out  that  the 
obvious  effect  of  the  American  system  is  to  cause  much  more  frequent 
changes  in  managerial  positions  than  would  be  the  case  at  home,  and 
to  lead  men  to  strive,  probably  not  always  in  the  most  commendable 
way,  to  bring  about  changes  that  may  be  expected  to  benefit  them- 
selves. 
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Demand  for  Efficiency. 

Not  only  are  the  Americans  ready  to  "  scrap "  ineffective  and  out- 
of-date  equipment,  but  they  are  generally  ready  to  expend  large 
sums  of  money  in  undertaking  experiments  on  new  ideas  that 
promise  to  lead  to  economy.  One  of  the  latest  and  most  notable 
examples  of  this  fact  is  the  case  of  the  Taylor-White  process  of 
treating  tool  steel,  on  which  the  Bethlehem  Steel  Company  expended 
about  100,000  dols.,  and  cut  up  over  200  tons  of  forgings  before 
making  it  a  success.  Other  cases  arc  those  of  the  experiments  made 
by  the  late  Captain  W.  R.  Jones,  of  the  Edgar-Thomson  Steel 
Works,  to  get  rid  of  the  cracking  of  ingot-moulds  after  casting,  and 
of  the  experiments  made  by  the  same  engineer  in  order  to  prove  the 
advantages  of  a  mixer  between  the  blast  furnace  and  the  Bessemer 
converter.  But,  indeed,  the  whole  history  of  the  American  iron 
industry  is  studded  with  similar  cases,  and  practically  every  enter- 
prise of  any  magnitude  can,  and  does,  make  claims  of  its  own  for 
important  pioneering  work. 

Appreciation  of  Expert  Ability. 

One  prominent  feature  of  American  administration  is  the  care  taken 
to  secure  the  best  advice  and  skill  possible  in  the  building  of  new 
plants,  or  the  remodelling  of  existing  plants,  no  matter  what  it  costs. 
When  in  Cleveland,  O.,  I  was  shown  over  the  offices  of  the 
Wellman-Scaver  Engineering  Company  and  of  the  Garrett-Cromwell 
Engineering  Company,  both  in  the  New  England  building.  The 
former  employs  about  100  draughtsmen  and  the  latter  about  40. 
These  figures  will  give  an  idea  of  the  v.ist  amount  of  work  under- 
taken by  both.  This  work  is  largely  done  in  designing  and  perfecting 
appliances  of  different  kinds.  In  the  case  of  the  W^ellman-Seaver 
firm,  one  or  two  special  businesses  are  carried  on,  such  as  the  con- 
struction of  retort  coke  ovens,  on  which  the  company  owns  certain 
patents.  But  a  large  part  of  its  work  consists  in  advising  and  preparing 
plans  for  clients  who  propose  to  build  new  plants — blast  furnaces, 
steel  works,  tube  works,  tinplate  works,  and  otherwise.  The  engineers 
employed  by  the  individual  manufacturing  companies,  although 
generally  very  competent  men,  are  not  expected  to  accept  the  full 
responsibility  of  such  work.  The  fees  paid  for  such  outside  assistance 
are,  no  doubt,  considerable,  but  in  the  long  run  it  pays  well  to  adopt 
this  system,  because  such  firms  of  consulting  engineers  have  a  much 
wider  range  of  up-to-date  experience  than  any  engineer  employed  at  an 
individual  establishment  would  be  at  all  likely  to  possess. 

The  Daily  Lunch. 

Several  Americans  spoke  to  me  in  deprecatory  language  of  the 
not  uncommon  practice  in  British  works  of  providing  a  daily  lunch 
at  the  offices  for  the  heads  of  the  departments,  at  which  .stimulants  are 
taken.  They  declared  that  it  was  impossible  for  them  to  conceive 
of  a  man  being  As  alert  and  capable  after  partaking  of  alcohol,  whether 
as  wine,  whiskey,  or  beer,  as  he  would  be  without  it,  and  the  argu- 
ment is  that  the    practice  causes   the  efficiency  of  the  work  to   suffer. 
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In  the  leading  American  works  luncheons  are  similarly  provided,  but 
stimulants  are  very  rarely  placed  on  the  table.  In  one  or  two  cases 
where  I  was  invited  to  join  the  managers  at  lunch,  as  at  the  Westing- 
house  Company's  works,  I  found  nothing  stronger  than  soda-water 
and  coffee.  At  the  same  time,  I  cannot  but  think  that  the  Americans, 
in  this  criticism,  overlook  or  minimise  what  is  probably,  to  the  average 
man,  the  more  debilitating  effect  of  their  own  continual  smoking.  In< 
most  of  the  works  I  visited,  and  especially  in  Pittsburg,  where  *'  toby  *' 
cigars  are  cheap,  I  found  that  nearly  all  the  officials  were  greatly 
addicted  to  smoking,  and  that  they  smoked  everywhere,  both  early 
and  late. 

Mr.  Carnes:ie*s  Influence. 

In  speaking  of  the  conditions  that  prevail  in  work,  organisation, 
and  administration  at  Pittsburg,  it  is  impossible  to  ignore  the  influence 
of  Mr.  Andrew  Carnegie.  That  remarkable  man  introduced  a  new 
force  and  a  new  order  of  ideas  into  American  industry,  the  basis  of 
which  was  that  nominally  high  wages  are,  or  should  be,  synonymous 
with  cheap  production.  No  one  is  likely  to  deny  that  his  methods 
have  raised  the  average  level  of  both  wages  and  efficiency  throughout 
the  sphere  of  his  own  operations,  and  probably  far  beyond  it.  At  a 
meeting  with  his  workmen  some  years  ago,  Mr.  Carnegie  claimed, 
and  most  probably  with  justice,  that  his  workmen  at  Pittsburg,  who 
then  averaged  over  2\  dols.  per  day,  were  the  most  highly-paid  body  of 
men  in  the  world  employed  on  a  large  scale.  Moreover,  Mr.  Carnegie's 
system  has  stimulated  effort  on  the  part  of  all  his  colleagues  to  excel 
in  their  several  functions,  so  as  to  be  "  at  the  top,"  and  to  keep  there. 
The  reward  was  generally  well  worth  their  utmost  exertions  to  secure. 
No  man  and  no  system  in  this  world  has  probably  ever  made  so  many 
men  wealthy  in  so  short  a  space  of  time.  Under  the  Carneq^ie  regime 
it  has  frequently  happened  that  if  a  man  had  not  broken  down,. 
mentally  or  physically,  he  had  become  a  millionaire  in  the  American 
sense  in  a  very  few  years.  The  bonus  system  now  so  generally 
adopted  throughout  the  workshops  of  the  United  States  is  but  a 
modification  of  the  Carnegie  system  of  urging  every  man  to  do  his 
best,  and  the  same  principles  have  been  adopted  by  such  great  organi- 
sations as  the  Pennsylvania  Railroad  Company  with  notable  results. 

Nepotism  and  Merit. 

So  far  as  my  information  enables  me  to  judge,  there  is  pro- 
bably not  so  great  a  tendency  on  the  part  of  men  in  authority 
to  drag  relatives  up  with  them,  irrespective  of  actual  merit  and  proved 
capacity,  as  in  Great  Britain.  Two  cases  that  are  well  known  in  the 
American  iron  trade  might  appear  to  point  to  a  contrary  conclusion, 
but  in  both  of  these  cases  I  am  informed  that  the  utmost  care  was  taken 
to  establish  the  fitness  of  the  men  who  were  promoted  before  promotion 
was  given.  The  cases  where  relatives  are  put  before  men  who  have 
earned  a  good  position,  merely  because  they  are  relatives,  are  compara- 
tively rare,  and  even  when  they  happen,  the  chosen  one  is  made 
aware  that  he  cannot  hope  to  retain  his  position  if  he  does  not  prove 
himself  equal  to  any  probable  rival.     The  system  of  promotion  b>'  merit 
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apart    from   age,   influence,   or    experience,    could    not   otherwise    be 
maintained. 

Holidays. 

In  the  United  States,  workmen's  hoh'days  are  much  less  frequent 
than  in  Europe,  and  altogether  there  is  much  less  broken  time.  In 
the  majority  of  the  works  visited,  I  was  informed  that  there  were  few 
worshippers  of  Saint  Monday,  and  that  the  men  were  generally 
industrious,  abstemious  and  well-behaved.  "  It  is  a  common  saying," 
said  Mr.  Pargny,  who  is  proud  of  his  labour  at  the  Sheet  Steel 
Company's  Works,  and  is  the  virtual  controller  of  Vandergrift,  "  that 
there  are  only  two  holidays  in  the  United  States — Independence  Day 
(4th  July)  and  Christmas."  Americans  profess  great  astonishment  to 
learn  that  in  Great  Britain  workmen  take  a  week  to  ten  days*  holiday 
at  a  time,  as  in  the  case  of  the  Glasgow  Fair. 

At  the  same  time,  after  a  considerable  period  of  unremitting  work, 
foremen,  managers  and  others  are  often  allowed  a  long  holiday  in  Europe 
or  elsewhere,  at  the  cost  of  the  firm.  Mr.  Carnegie,  in  my  hearing,  once 
remarked  that  he  believed  it  generally  paid  to  send  a  man  to  Europe, 
to  pick  up  what  ideas  he  could.  I  named  this  to  one  of  my  friends 
in  Pittsburg,  whose  reply  was  that  if  it  paid  Mr.  Carnegie  to  send  a 
man  to  Europe,  it  did  not  always  pay  the  man.  The  frequency  of 
the  visits  to  Europe  of  responsible  heads  of  large  concerns  has  now 
a  counterpart  in  our  own  practice. 

Arrangement  of  Departments. 

« 

The  arrangement  of  the  different  departments  of  one  of  the 
so-called  consolidations  of  American  works,  is  a  subject  on  which 
much  might  be  written  did  my  space  permit.  I  can  only  stay  to  give  a 
rough  outline  of  the  different  divisions  of  a  typical  organisation,  and 
shall,  for  that  purpose,  select  the  Pittsburg  offices  of  the  National  Tube 
Company,  which  arc  arranged  as  under  : — 


President 

First  Vice-President 

Second  Vice-President 

Assistant  First  Vice-President 

General  Sales  Agent 

District  Sales  Agent 

Auditor 

Statistical  Department 

Purchasing  Agent 

Purcliasing  Department 


Treasure! 

First  Assistant  Treasurer 
Traffic  Manager 
Traffic  Department 
Order  Department 
General  Sales  Agent 
Assistant-Cieneral  Sales  Agent 
General  Superintendent 
Mechanical  Engineer. 


The  system  of  having  all  the  offices  concentrated  in  one  building 
and  on  different  floors  is  a  great  economy  of  time  and  labour.  The 
Carnegie  building  in  Pittsburg  is  a  notable  example  of  this  fact;  it  has 
about  eighteen  floors,  and  about  thirty  rooms  on  each  floor.  But  the 
Carnegie  building  does  not  stand  alone.  At  the  present  moment 
Mr.  H.  C.  P>ick  is  erecting  in  that  city  a  building  which  is  nearly  double 
the  size  of  its  neighbour — the  Carnegie — and  there  arc  other  similar 
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The  Preference  for  Vounfc  Men. 
One  prominent   feature  of  the  administration  nf  American   xvnrl^s, 
attd   pcrhitps  especially  so  of  iron,  steel   and  enijiiiccriiij;  vvurks.  is  the 
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large  number  of  young  men  who  are  to  be  found  in  positions  of 
authority.  This  is  founded  upon  one  of  the  aphorisms  of  American 
enterprise — that  a  young  man's  intuitions  are  more  effective  than  an  old 
man's  experience.  The  preference  that  Mr.  Andrew  Carnegie  has 
always  shown  for  young  men  is  one  of  the  standard  facts  of  recent 
industrial  history  in  the  United  States.  Perhaps  his  most  signal 
success  in  the  selection  of  subordinates  has  been  the  case  of 
Mr.  C.  M.  Schwab,  whom  he  appointed  President  of  the  Carnegie 
Steel  Company  when  he  was  barely  thirty  years  of  age.  The  usual 
practice  of  Mr.  Carnegie  was  to  note  the  capabilities  of  his  juniors, 
and  advance  them  accordingly.  This  example  has  now  been  largely 
followed  in  other  great  enterprises. 

As  an  example  of  the  comparative  youthfulness  of  the  men  who 
are  charged  with  responsible  positions,  I  probably  could  hardly  cite 
a  more  striking  case  than  that  of  the  Pressed  Steel  Car  Company, 
at  Pittsburg — a  concern  that  employs  about  10,000  hands,  at  four  works, 
of  unusual  magnitude,  and  carries  on  a  highly  profitable  business  that 
has  not  only  been  developed,  but  also  originated  within  the  last  four 
or  five  years.  In  this  case  I  ascertained  that  the  founder  is  56  years  ; 
the  president,  38  years  ;  his  assistant,  36  years ;  the  chief  engineer, 
32  years  ;  the  consulting  engineer,  42  years  ;  and  the  secretary,  36  years 
of  age. 

Improvements  and  Inventions  of  Workmen. 

Most  of  the  leading  firms  of  manufacturers  in  the  United  States 
make  a  practice  of  encouraging  their  workmen  to  give  attention  to- 
possible  improvements  of  processes  and  appliances,  and  offer  premiums 
for  new  ideas  of  value.  In  some  works  an  agreement  is  made  as 
to  this  subject,  one  of  which,  as  adopted  at  the  works  of  W.  Sellers 
&  Company  (Incorporated),  will  be  found  in  the  Appendix.  Apart 
from  premiums  or  prizes,  awarded  at  the  discretion  of  the  employers,  it  is 
understood,  as  a  rule,  that  the  firm  gets  the  full  benefit  of  new  ideas,, 
but  the  workman  has  the  advantage  of  knowing  that  if  he  succeeds 
in  his  efforts  in  this  direction  his  services  are  more  highly  valued. 
This  system  also  necessarily  gives  the  workman  more  ready  and  more 
direct  access  to  his  employer  and  manager,  and  establishes  a  solidarity 
of  interest  that  is  advantageous  to  both. 

The  Telephone. 

Among  the  accessories  to  the  prompt,  effective  and  vigilant  transac- 
tion of  business  which  are  everywhere  met  with  in  the  United  States, 
to  a  much  greater  extent  than  in  Great  Britain,  prominence  must  be 
given  to  the  all  but  universal  use  of  the  telephone.  This  useful 
instrument  is  found  in  every  office,  in  every  industrial  establishment,, 
however  insignificant,  at  every  mine,  and  in  almost  every  house  of  any 
pretensions.  The  manufacturer,  manager,  or  other  responsible  head 
is  thus  in  constant  contact  with  his  business,  and  there  is  seldom  an 
hour  when  he  does  not  know  exactly  what  is  going  on  and  is  not  in 
direct  touch  with  his  subordinates.  It  is  a  matter  of  common  know- 
ledge that  the  use  of  the  telephone  in  the  United  States  is  greatly 
more   general  than    in  Great  Britain,  and  recent   statistics  show  that 
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the  total  annual  American  output  of  new  telephone  instruments  exceeds 
a  million,  and  that  the  Value  of  the"  telephone  manufacturing  induj^try 
in  the  United  States  exceeds  30,000,000  dols.  a  year. 

When  it  is  remembered  that  the  telephone  is  only  a  quarter  of 
a  century  old,  and  that  in  that  comparatively  short  interval  this  gigantic 
industry  has  been  bujlt  up  to  its  present  dimensions,  we  have  before 
us  another  striking  example  of  the  readiness  of  the  people  of  the  United 
States  to  adopt  anything  and  everything  that  will  facilitate  business,  and 
economise  time  and  labour. 

The  Direction  of  Worlcs  and  Mines. 

One  of  the  most  notable  features  of  the  management  of  American 
works  is  the  comparatively  rare  presence  on  a  board  of  directors  of 
the  merely  commercial  man,  who  is  there  in  virtue  of  his  holding  a 
large  stake  in  the  concern  as  a  capitalist.  Every  man  engaged  in 
the  management  of  an  American  manufacturing  concern,  with  occa- 
sional exceptions,  is  expected  to  give  practically  his  whole  time  to 
the  business.  The  custom  so  general  in  Europe  of  paying  men  fees 
as  directors  who  merely  attend  a  meeting  once  a  month  is  most 
uncommon.  Generally  speaking,  the  executive  of  a  large  American 
concern  consists  of  a  president,  one  or  two  vice-presidents,  a  secretary,. 
a  treasurer,  and  a  sales-agent,  with  their  subordinates.  Every  one 
of  these  men  is  expected  to  give  his  entire  time  to  the  duties  of  his 
position,  and  he  would  not  be  permitted  to  hold  office  on  any  other 
terms.  Every  one,  also,  has  his  range  of  work  specifically  defined  in 
such  a  way  that  in  well-managed  concerns  there  is  no  overlapping  or 
confusion. 

It  is  to  this  exclusive  employment  of  capable  and  practical  men 
that  the  American  iron  and  engineering  industries  mainly  owe  it  that 
they  can  and  do  make  such  rapid  progress  in  the  adoption  of  new- 
ideas,  systems,  and  appliances.  One  controlling  principle  in  many 
European  concerns  is  never  to  spend  any  money  that  can  be  avoided. 
Another  is  never  to  do  to-day  what  can  be  put  off  till  to-morrow.  The 
average  European  director — that  is,  the  typical  member  of  a  typical 
board — is  mainly  a  commercial  man,  and  he  looks  with  suspicion  upon 
all  proposals  founded  on  the  expenditure  of  large  sums  of  money.  He 
may  not  realise  the  importance  of  keeping  up  the  efficiency  of  the 
plant  and  equipment  to  the  highest  level,  and  he  is  more  or  less  liable 
to  distrust  managers  and  managing  directors,  who  are  what  are  called 
"  expensive  men  " — that  is  to  say,  men  who  are  mainly  concerned  in 
economising  production,  almost  regardless  of  present  outlay.  A  recent 
writer  remarks,  with  regard  to  German  works,  that "  capability  is  not 
wanting,  but  the  large  body  of  mechanical  workers  is  spoiled  by  mis- 
management and  bad  supervision,"  and  that  "  incompetent  technical 
superintendents  hold  positions  secured  through  influence  by  the  com- 
f^ercial  directors,  who  have  no  knowledge  of  mechanical  requirements 
or  of  the  industrial  situation,  and  have,  moreover,  no  appreciation 
of  practical  results."*  "  English  industrial  enterprises,"  it  is  added,  "  are 
in  some  respects  in  the  same  condition." 

^Engineering  Magazine^  vol.  xvii.,  p.  19. 
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The  British  Elemeot. 

There  is  a  not  uncommon  idea  in  Great  Britain  that  the  people  of 
this  country  have  lost  a  lot  of  their  old  grit,  and  that  they  have  more 
or  less  deteriorated  as  business  men.  This  is  not  a  point  that  I  am  called 
on  to  consider  here,  but  I  mention  it  because  in  the  course  of  interviews 
which  I  have  had  with  leading  Americans,  I  have  found  that  they 
did  not  share  so  pessimistic  a  notion.  What  they  said  and  seem 
to  think  is  this  :  That  the  people  of  the  old  country  had  for  generations, 
as  they  expressed  it,  made  their  money  very  easily,  having  practically 
all  the  markets  of  the  world  at  their  feet ;  that  this  enabled  them  to 
acquire  great  wealth,  and  made  them  indifferent  to  undertaking  exertions 
to  make  more ;  that  their  descendants  had  succeeded  to  wealth  and 
position,  which  made  them  indifferent  also  ;  and  that  enterprise  and 
efficiency  were  thus  to  a  certain  extent  allowed  to  go  by  default.  But 
the  grit  is  still  there  ;   it  only  needs  to  be  stimulated  and  encouraged. 

That  this  is  not  an  entirely  erroneous  view  of  the  situation  is  proved 
by  the  fact  that  a  considerable  number  of  the  heads  of  the  American 
iron  industry  of  to-day  acquired  their  training,  their  knowledge,  and 
their  experience  in  British  works.  In  my  journeyings  I  found  many 
men  in  the  most  responsible  positions  who  had  been  brought  up  in 
Scotch  or  English  works.  Mr.  William  Garrett,  the  inventor  of  the 
Garrett  rod-mill,  himself  a  Scotchman,  has  confirmed  the  view  that  the 
native  American  has  no  innate  superiority,  apart  from  his  restless 
activity,  and  some  of  his  methods.* 

Hustling. 

The  remarkable  quickness  with  which  the  American  system  of 
hustling  enables  work  to  be  got  out  could  be  illustrated  by  many 
examples,  in  practically  every  department  of  the  iron  and  .steel  indus* 
tries.  Let  one  example  suffice.  For  the  McKees  Rocks  plant  of  the 
Pressed  Steel  Car  Company,  where  13  acres  are  covered  with  steel 
buildings  of  the  most  modern  type,  ground  was  broken  in  April,  1899, 
and  the  first  complete  cars  were  delivered  from  the  new  plant  less  than 
six  months  afterwards.  The  capacity  of  this  plant,  it  may  be  added, 
is  about  80  complete  35-,  40-,  or  50-ton  cars  per  day. 

The  enormous  scale  on  which  new  works  are  laid  out  from  the 
beginning  may  be  illustrated  by  the  case  of  the  two  plants  of  the 
same  company  at  Pittsburg.  These  works  are  practically  only  three 
years  old,  but  they  have  already  turned  out  more  than  50,000  cars, 
varying  in  capacity  from  20  to  50  tons  each,  and  at  the  time  of  our 
visit  they  had  orders  on  hand  for  1,500  more. 

A  great  deal  might  be  said  on  the  hustling  habits  of  the  Americans, 
and  of  the  manner  in  which,  and  the  extent  to  which,  they  influence  all 
their  work.  It  is  a  quality  which  seems  to  me  to  have  its  origin  in  a 
superabundance  of  vitality,  a  love  of  work  for  its  own  sake,  and  a 
universal  desire  to  be  **  at  the  top,**  which  permeates  every  stratum 
of  the  commercial  and  industrial  classes.  In  some  respects  it  may 
not  be  the  most  estimable  of  qualities,  but  it  has  gone  far  to  make 
the  Americans  what  they  are  to-day. 

*  Sec  Mr.  Garrett's  letter  ia  the  Iron  and  Coal  Trades  Review,  January  loih,  1902. 
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•*At  War  with  Clumsiness.'' 

Generally  speaking,  the  typical  American  likes  what  is  called  a  "neat 
job,"  and  his  works  and  plant  are  usually  to  be  found  in  good  order,  as  well 
as  up  to  date.  The  Iron  Age  recently  declared  that  "  Few  people 
on  the  face  of  the  earth  are  so  perpetually  at  war  with  clumsiness 
and  even  the  appearance  of  heaviness  as  Americans.  Safety  and 
durability  are  not  lost  sight  of,  but  are  always  carefully  considered, 
after  which  comes  the  question  of  avoiding  the  use  of  surplus  metal, 
except  in  cases  in  which  very  great  strength  can  only  be  secured  by 
means  of  ponderous  masses  of  material.  But  in  building  machinery 
for  light  manufacturing,  or  for  rapid  movement,  or  for  agricultural 
purposes,  everything  in  the  nature  of  surplus  weight  is  rigorously- 
eliminated.  Agricultural  implements  and  vehicles,  as  made  by  Ameri- 
can manufacturers,  are  almost  marvels  of  lightness  and  strength,  so 
thoroughly  has  the  question  of  easy  draft  been  studied.  In  mechanics*^ 
tools,  hardware  specialities,  builders'  hardware,  saddlery  hardware  and 
house  furnishing  goods  the  same  conditions  are  apparent.  Mere  dead 
weight  is  avoided  unless  it  is  an  essential  feature  of  the  article  itself" 

Workmen  Checking:  Their  Own  Work. 

One  of  the  most  effective  methods  for  securing  good  work  that  I 
was  made  acquainted  with  during  my  inquiries,  was  that  of  making 
one  set  of  workmen  check  the  labour  of  others,  from  the  most  rudi- 
mentary to  the  highest  piece  of  work.  This  is  done  by  the  adoption 
of  a  rule  that  a  separate  group  of  men  shall  be  employed  for  each 
separate  operation.  The  cases  in  engineering  works  in  which  there  may 
be  half  a  dozen  or  more  operations  in  producing  a  particular  piece  of 
work  are  not  uncommon,  and  in  every  such  case,  the  man  who  is 
responsible  for  the  next  operation,  being  also  responsible  for  passing 
on  his  work  to  his  successor  in  a  proper  condition,  must,  in  his  own 
interest,  take  care  that  he  receives  it  without  defects.  Otherwise,  it 
is  his  business  to  report  what  is  defective.  I  found  this  system  in 
operation  at  the  Baldwin  Locomotive  Works  and  the  works  of  William 
Sellers  &  Company,  in  Philadelphia,  and  I  was  informed  that  it 
was  an  excellent  method  of  ensuring  that  no  bad  or  scamped  work 
is  passed  out. 

Intelligence  in  Industry. 

"  In  strict  proportion  to  their  eagerness  for  foreign  markets,"  says  Mr. 
Pidgeon,  **  American  manufacturers  will  presently  realise  that  they 
possess  advantages  in  readiness  to  learn,  quickness  to  adapt,  and  skill 
ta  organise  over  every  other  nation  in  the  world,  while  the  labour  they 
command  is  high-principled,  intelligent,  and  industrious  in  no  common 
degree.  Men  with  such  cards  in  their  hands  will  not  hesitate  to  sit 
down  for  a  commercial  rubber  with  Europe,  when  protected  manufac- 
ture has  degenerated,  as  it  is  already  rapidly  doing,  into  a  game  of 
bcggar-my-neighbour."*  This  is  the  expression  of  a  writer  of  much 
acumen,  who  was  himself  a  British  manufacturer.!     Since  these  words 

•"  Old  IVbrld  Questions  and  New   W^ld  Annvers. 

\  Mr.'  Pidgeon  was  a  mcuber  of  the  firm  of  B.  Samuelson  &  Co  npany,  of  Banbury. 
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were  written,  much  testimony  of  a  kindred  character  has  been  supplied 
by  other  acute  observers,  pointing  to  similar  conclusions,  and  by  the 
recent  industrial  history  of  tlie  American  people. 

American    Pattfots. 

A  great  deal  has,  at  different  times,  and  in  a  number  of  publica- 
tions, been  said  as  to  the  conditions  that  distinguish  the  American 
from  the  British  patent  system,  and  in  the  majority  of  cases  an  adverse 
verdict  has  been  pronounced  against  the  British  Patent  Laws.  It 
would  take  up  far  too  much  space,  and  serve  no  very  immediate 
purpose,  to  join  here  in  this  controversy.  In  both  cases  the  business 
done  under  the  Patent  Laws  is  enormous,  in  both  the  cost  is  con- 
siderable, and  in  both  there  is  a  surplus  left  to  the  Government  on 
the  result  of  the  year  s  working,  over  a  long  series  of  years.  During 
the  last  fifty  years  the  total  number  of  applications  for  patents  in 
the  United  States  has  increased  from  2,639  to  47,905,  this  latter  having 
been  (in  1897)  the  largest  number  ever  recorded  in  a  single  year,  and 
yielding  a  total  sum  to  the  Patent  Office  of  1,375,641  dols.,  of  which 
252,798  dols.  was  left  over  as  a  surplus.  But  the  total  number  of 
patents  and  re-issues  actually  granted  has  usually  been  less  than  one- 
half  the  total  number  of  applications. 

The  statistics  of  patents  granted  in  the  United  States  to  foreign 
inventors  shows  that  England  maintains  her  lead,  with  Germany  a  good 
second.  There  were  granted  to  residents  of  England  1,072  patents,  and 
to  those  of  Germany  888,  while  Canada  received  371,  and  France  292. 
In  making  a  comparison  of  the  past  four  years  we  find  evidence  of  a 
growing  appreciation  among  foreign  nations  of  the  value  of  United 
States  patents.  The  most  remarkable  figures  arc  those  for  England 
and  Germany,  which  have  risen  respectively  from  617  to  1,072,  and 
from  543  to  888.  Canada,  although  possessing  not  over  one-sixth  the 
population  of  France,  is  a  more  frequent  applicant  at  the  United  States 
Patent  Office,  371  patents  being  granted  in  Canada  as  against  292 
in  France.  Indeed,  in  proportion  to  her  population,  Canada  takes  out 
by  far  the  most  American  patents  of  all  foreign  countries. 

In  considering  how  to  deal  with  new  inventions,  the  American 
manufacturer  usually  determines  whether  he  shall  take  out  a  patent 
or  not  by  the  consideration  of  how  far  it  is  intended  to  manufacture 
and  sell  the  idea  or  the  machine,  as  distinguished  from  only  using  it  for 
his  own  works  or  purposes.  If  he  intends  to  sell,  of  course  he  must 
make  it  known,  and  then  it  pays  to  take  out  a  patent,  but  there  are 
hundreds  of  most  valuable  ideas  in  use  in  American  workshops  that 
have  never  been  patented,  and  many  of  which  cannot  be  found 
applied  elsewhere. 

American    Publicity   v.    Britisti    Reticence. 

There  can  be  but  little   doubt  that  the  progress  of  the  American 
iron    and     machinery  trades   in    foreign    markets    has    been    greatly 
facilitated  by  the   greater   readiness  with  which  the  manufacturers  of 
that  country  make   known  the  contracts  which    they  have  succeeded 
in    securing.      There   is   much    less    hesitation    in    the    United   States 
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in  taking  the  general  public,  so  to  speak,  into  the  confidence  of 
the  trade.  In  Great  Britain  there  appears  to  be  a  decided  objection 
to  make  known  what  manufacturers  are  doing.  So  far  as  I  have 
had  the  opportunity  of  forming  an  opinion,  from  frequent  discussions 
of  the  subject,  I  am  inclined  to  beh'eve  that  this  is  largely  the  out- 
come of  a  fear  that  if  the  customers  of  a  firm  are  disclosed,  rival 
manufacturers  will  make  use  of  the  information  to  their  detriment. 
British  manufacturers  are  probably  not  all  influenced  by  this  con- 
sideration. It  may  be  that  their  natural  reticence  and  conservatism 
have  even  more  to  do  with  their  objection  to  publicity  than  the  fear 
of  rivals. 

In  any  case,  it  is  probable  that  the  American  system  is  better 
calculated  to  assure  the  success  of  American  trade,  inasmuch  as  it 
not  only  enables  the  whole  world  to  learn  what  the  Americans  are 
doing,  but  it  also  leads  to  the  inference  that  their,  rivals,  whether 
British,  German,  or  Belgian,  are  unable  to  compete  with  them,  and 
nothing  is  more  natural  than  that  this  fact  should  lead  the  pur- 
chasers of  the  manufactures  thus  heralded  to  believe  that  American 
goods  are  cheaper,  or  better,  or  both. 

Another  consideration  that  has  been  not  a  little  hurtful  to  British 
traders  is  the  fact  that  in  a  number  of  cases  incorrect  statements 
have  been  made  in  the  public  Press  as  to  contracts  having  been 
booked  by  Americans,  whereas  those  very  contracts  have  fallen  to 
British  firms. 


SECTION    V. 


CHAPTER   VIII. 

Transportation  Systems  and  Conditions, 


Qeneral   Survey   of   the    Position. 

Introductory, — No  one  familiar  with  the  recent  conditions  of  trade 
in  the  United  States,  and  with  the  mining  and  metallurgical  industries  in 
particular,  can  fail  to  realise  the  importance  of  the  effectiveness  and 
economy  to  which  that  country  has  brought  its  transportation  systems, 
both  by  land  and  by  water.  This  is  a  matter  to  which  I  have  for  many 
years  devoted  much  attention,  and  I  may  be  pardoned  if  I  here 
point  out,  as  a  possible  justification  of  the  space  which  I  may  devote  to 
this  aspect  of  my  subject,  that  it  is  nearly  twenty  years  since  I  called 
the  attention  of  British  railways  and  British  traders  to  the  character  and 
importance  of  the  movement  then  recently  inaugurated  in  the  United 
States,  for  making  use  of  larger  locomotives,  larger  mineral  wagons, 
heavier  permanent  way,  and  other  changes  that  have  done  much  in  the 
interval  to  provide  cheaper  transport.* 

Again,  some  years  later,  when  the  Railway  and  Canal  Traffic  Act  of 
1888  was  being  discussed  before  the  Board  of  Trade  Commission,  as 
representing  the  British  Iron  Trade  Association  I  had  the  opportunity 
afforded  me,  when  the  late  Sir  George  Findlay  and  Mr.  Lambert^ 
managers  of  the  London  and  North-Wcstern  Railway  and  the  Great 
Western  Railway,  respectively,  were  under  examination,  of  ascertaining 
from  them  that  up  to  that  time  little  or  no  interest  had  beeil  taken 
by  British  railways,  as  such,  in  the  leading  features  of  American 
railway  administration,  on  the  ground  that  the  conditions  of  the  two 
countries  were  so  dissimilar  that  there  was  little  in  common  between 
them,  and  it  was  not  thought  that  any  lessons  of  value  to  this  country 
could  be  learned  from  a  study  of  American  systems.  This,  mutatis 
mutandis^  has  been  the  general  attitude  adopted  in  regard  to  American 
railways  until  the  coupler  question  was,  a  few  years  ago,  taken  up  by  the 
Board  of  Trade,  and  British  railways  were  more  or  less  forced  to  give 
attention  to  American  organisation.  Much  has  happened  since  then, 
and  not  the  least  important  of  the  many  changes  that  have  marked  the 
interval  has  been  the  close  attention  now  given  to  American  railway 

*  Raihvay   Problems,     London  :    Longmans. 
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affairs  by  British  railway  managers,  and  the  adoption  by  some  of  them 
of  features  and  methods  that  are  now  being  applied  on  our  own  lines, 
with  promise  of  notable  advantage. 

It  has  been  my  good  fortune  on  three  previous  visits  to  the  United 
States  to  see  much  of  American  railroad  systems,  and  to  come  a  good 
deal  into  contact  with  American  railway  managers  and  officials.  I 
have  again  and  again  travelled  over  the  principal  lines  of  the  country, 
from  Houghton  and  Marquette,  on  Lake  Superior,  to  Texas  in  the  south- 
west, and  to  Alabama  in  the  south.  I  have  studied  the  system  in  the 
eastern  and  middle  States,  where  the  traffic  is  as  dense  and  concen- 
trated as  in  any  part  of  our  own  country,  and  again  in  such  virgin  and 
undeveloped  fields  as  Indian  Territory  and  Oklahoma.  I  mention 
this  merely  as  an  indication  that  I  have  not  been  without  some 
experience  of  the  working  of  American  railway  lines. 

While  we  were  in  New  York  we  were  told,  and  by  no  less  an 
authority  than  Mr.  C.  M.  Schwab,  the  president  of  the  United  States 
Steel  Corporation,  that  one  of  the  chief  causes  of  our  not  maintaining 
our  place  in  the  world's  commerce  was  the  defective  character  of  our 
railway  organisation,  and  the  consequently  high  railway  rates  generally 
charged.  It  is  now  some  years  since  another  notable  authority  on 
American  transportation — Mr.  Andrew  Carnegie — told  me  that  in  his 
opinion  the  best  thing  that  could  happen  in  the  interests  of  British 
traders  would  be  to  have  British  railway  companies  make  a  bonfire 
of  their  rolling  stock  generally.  With  the  latter  gentleman — himself 
at  one  time  an  experienced  railway  manager — I  have  often  during 
the  last  20  years  had  valued  opportunities  of  comparing  notes  on 
American  and  British  railway  conditions.  I  mention  this  because 
it  gives  me  the  opportunity  of  adding  that  which  I  think  is  the  barest 
justice  to  his  life's  work,  that  I  know  of  no  man  who  has  done  more 
to  stimulate  the  American  railway  managers  to  improve  methods  and 
reduce  rates  than  Mr.  Carnegie,  as  I  shall  have  occasion  hereafter  to 
show. 

With  the  view  of  obtaining  the  best  and  latest  information  avail- 
able on  the  subject  of  railroad  transport,  I  visited,  with  Mr.  Parkes, 
the  offices  in  Washington  of  the  Inter-State  Commerce  Commission, 
where  the  president,  vice-president,  and  secretary  most  kindly  re- 
ceived us  and  gave  us  valuable  information.  I  also  called  on 
Mr.  Theo.  N.  Ely  (the  chief  of  motive  power  of  the  Pennsylvania 
Railroad  at  Philadelphia),  with  whom  I  had  a  long  interview,  and 
from  whom  I  also  obtained  important  data  ;  visited  and  had  inter- 
views with  the  chief  proprietors  of  the  Baldwin  Locomotive  Works  ; 
called  at  the  offices  and  interviewed  the  chief  officers  of  the  Lake  Erie 
Transportation  Company  ;  and  obtained  at  Pittsburg  some  most  im- 
portant figures  as  to  the  cost  and  the  conditions  of  working  an  almost 
exclusively  mineral  line  from  the  lakes  to  the  busiest  centre  of 
American  industry. 

In  considering  the  general  subject  of  railroad  transport,  it  seems 
necessary  to  first  endeavour  to  determine  approximately  the  differences 
of  cost  in  the  two  countries,  and  then  to  ascertain,  as  far  as  possible, 
how  those  differences  arc  caused,  and  what  are  the  prospects,  if  any, 
of  applying  a  remedy,  where  they  are  against  this  country. 
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A.— RAILROAD    TRANSPORTATION. 

I.— British  and  American  Railway  Ciiarges. 

There  is  no  authoritative  statement  of  average  British  rates  to 
appeal  to.  In  the  United  States,  however,  and  in  almost  every  other 
country  except  our  own,  ton-mile  figures  are  a  prominent  feature  of 
railway  accounts.  This  distinction  renders  comparisons  difficult.  The 
train-mile,  which  is  the  unit  adopted  in  British  railway  accounts,  is 
no  guide  whatever  to  rates  and  charges,  and  is  apt  to  mislead  in  other 
ways.  Some  years  ago,  the  United  States  Inter-State  Commerce  Com- 
mission adopted  i^d.  per  ton-mile  as  the  average  charge  in  Great 
Britain,  but,  in  my  opinion,  without  sufficient  ground.  The  nearest 
approach  to  a  reliable  figure  that  I  have  yet  found  was  given  recently 
by  Mr.  George  S.  Gibb,  the  general  manager  of  the  North-Eastern 
Railway,  as  o*99d.  per  ton-mile  for  mineral  traffic. 

The  Pennsylvania  Railroad, — There  are  probably  very  few  rail- 
ways in  any  country  on  which  the  statistics  of  operation  are  so  fully 
kept  and  so  easily  comprehensible  as  the  Pennsylvania.  That  colossal 
system,  with  3,715  miles  of  road  operated  directly,  with  88^  million  dols. 
of  gross  earnings  and  58  million  dols.  of  operating  expenses,  in  the 
year  1900  carried  about  109  million  tons  of  traffic,  and  moved  11,922 
million  tons  of  traffic  one  mile,  the  freight  earnings  for  the  same  year 
having  been  about  64^  million  dols. 

It  is  important  to  note  the  treatment  accorded  to  the  traders  on 
its  system  by  this  great  line,  because  no  railway  in  the  world  ser\'es 
such  a  vast  congeries  of  iron  and  steel  works,  and  mining  and  industrial 
enterprises  generally. 

The  records  of  the  company  show  the  earnings,  the  expenses,  and 
the  net  earnings  per  ton  per  mile  for  the  last  thirty-six  years,  and  the 
lessons  which  these  records  teach  are  of  value  to  railway  corporations 
and  traders  generally.  Since  the  year  1865,  the  record  has  been  one 
of  uninterrupted  j)rogress  in  economy  of  working  and  in  the  reduction 
of  frcif^ht  charges.  In  that  year  the  figures  under  the  heads  stated 
were — in  cents  per  ton-mile  in  all  cases : — 

Average  (Iross  Earnings.  Average  Kxpenses.  Average  Net  Earnings. 

2715  2*347  0-368 

Kven  at  this  early  date,  it  would  appear  that  the  profit  per  ton 
per  mile  did  not  exceed  14  per  cent.,  while  the  working  expenses  were 
over  85  per  cent,  of  the  total  gross  earnings.  By  1880,  a  great  change 
had  taken  place,  as  the  following  corresponding  records  show — again  in 
cents  per  ton-mile  : — 

Average  Gross  Earnings.  Average  Expenses.  Average  Net  Earnings. 

0*918  0'540  0*378 

Here  we  find  the  gross  earnings  reduced  by  66  per  cent.,  or,  in  other 
words,  the\'  had  been  lowered  to  about  one-third  of  what  they  were 
16  years  before,  while  the  operating  expenses  had  been  reduced  to 
less  than  one-fourth  the  figures  of  1865.  The  average  net  earnings, 
on   the  contrary,  had  slightly  increased.*     When   we  carry  the  com- 

*  In  explanation  of  this  fact  it  may  l)c  stated  that  in  1865  the  average  net  earnings 
were  under  those  of  b»»lh  j)revious  and  subsecjuent  years. 
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parison  a  little  farther,  we  find  still  more  notable  progress,  for  in  1890 — 
the  year  when  the  Iron  and  Steel  Institute  members  visited  the  United 
States,  and  were  afforded  the  opportunity  of  witnessing  for  themselves 
how  the  Pennsylvania  Railroad  Company  handled  its  traffic — the  figures 
had  been  reduced  as  shown  below — in  cents  per  ton-mile : — 

Average  Gross  Earnings.  Average  Expenses.  Average  Net  Earnings. 

0*655  0*463  0*192 

Many  railway  authorities  at  this  stage  entertained  the  idea  that 
economy  could  no  farther  go.  Nevertheless,  the  earnings,  the  expenses, 
and  the  profits  were  alike  reduced  in  the  following  ten  years,  as  shown 
for  1899  in  the  next  set  of  figures,  recorded  in  cents  per  ton-mile : — 

Average  Oroas  Earnings.  Average  Ex|ienses.  Average  Net  Earnings. 

0*473  0344  0*129 

These  are  the  lowest  average  earnings  per  ton-mile,  as  well  as 
the  lowest  average  expenses  and  average  net  earnings  ever  recorded  on 
the  Pennsylvania  syi^tem.  For  the  year  1900  the  average  ton-mile 
earnings  had  risen  to  0*540  cents,  while  the  average  expenses  had 
risen  to  0*364  cents,  and  the  net  earnings  had  risen  to  0*176  cents. 

It  will  be  noted  that,  taking  this  period  as  a  whole,  the  ton-mile 
earnings  of  1899  were  only  about  one-sixth  of  those  of  1865,  while 
the  working  expenses  were  about  one-seventh,  and  the  net  earnings 
about  one-third  of  those  of  that  year. 

This  revolution  has  not  been  confined  to  one  American  railway, 
but  is  more  or  less  common  to  all  the  great  mineral-carrying  lines  of 
the  country.  It  has  mainly  been  achieved  by  extraordinary  economies 
in  every  department  of  operation  and  control,  and  it  is  of  interest 
to  be  able  to  set  out  in  what  departments  the  principal  reductions  have 
taken  place.  This  1  am  able  to  do  by  the  kindness  of  Mr.  Theo.  N.  Ely, 
who,  in  the  course  of  an  interview  that  I  had  with  him  at  his  office 
in  Philadelphia,  gave  me  particulars  of  the  reductions  in  the  costs  of 
working  that  he  had  been  able  to  effect  during  the  last  twenty 
years. 

The  Pennsylvania  and  the  North-Eastern  Systems. 

The  Pennsylvania  Railroad  is  operated  under  conditions  vastly 
different  from  any  that  prevail  in  this  country,  or,  indeed,  in  any  part 
of  Europe.  I  have  taken  some  trouble,  from  records  furnished  me 
by  Mr.  Ely,  to  work  out  an  analysis  of  mineral  traffic  on  the  Penn- 
sylvania system  in  1900,  and  I  find  that  the  total  volume  of  traffic 
carried  in  that  category  was  about  84  million  tons,  of  which  about 
71  million  tons  were  coal  and  coke,  and  iron  and  other  ores,  and  the 
remainder  was  pig  and  other  iron  and  steel. 

The  greatest  mineral-carrying  line  in  the  United  Kingdom  is  the 
North-Eastern,  which  in  1900  carried  41;}  million  tons,  or  a  little 
under  one-half  of  the  total  mineral  traffic  carried  by  the  Pennsylvania. 
The  comparison,  however,  only  begins  here.  The  Pennsylvania  carried 
its  whole  goods  and  mineral  traffic  an  average  distance  of  109  miles, 
while  the  North-Eastern  average  was  probably  no  more  than  22  miles, 
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or  say  about  one-fifth  of  its  great  American  compeer.  This  difference 
IS  fundamental.  The  greatest  authorities  on  transport  arc  pretty  well 
a<^reed  that  it  matters  a  great  deal,  in  fixing  low  rates,  whether  the 
haul  is  long  or  short,  and  that  it  is  practically  impossible  to  carry 
short-haul  traffic  for  anything  like  the  charges  that  can  easily  be  applied 
to  long-haul  loads. 

After  making  full  allowance  for  this  consideration,  the  difference 
between  the  British  and  American  systems  is  remarkable  and  calls 
for  explanation. 

It  is  pretty  certain  that  the  average  length  of  the  haul  of  all 
mineral  and  merchandise  traffic  on  the  North-Eastern  Railway — 
which  wc  may  again  select  as  a  typical  line — is  not  a  third,  and 
probably  not  more  than  a  fourth  of  that  of  the  same  description  of 
traffic  on  the  Pennsylvania  system,  and  yet  I  find,  on  examination 
of  their  records,  that  the  gross  receipts  per  ton  moved  in  1900  works 
out  to  just  the  same  figure,  namely,  2s.  ^d,,  while  on  the  North-Eastern 
the  average  gross  receipts  for  mineral  traffic  in  the  same  year  were 
IS.  5d.  per  ton. 

It  will  probably  strike  others  besides  myself  as  remarkable  that  the 
capital  expenditure  of  the  North-Eastern  Railway  Company  is  greater 
than  that  of  the  Pennsylvania,  the  former  being  over  73  millions,  while 
the  latter  is  about  67  millions  sterling.  The  expenditure  of  the  Penn- 
sylvania per  mile  of  line  is  given  at  the  following  figures  in  that 
company's  statement  of  accounts  ; — 

Cost  of  Road Z3j3oo  pcr  mile  of  line. 

,,      i^cinci                ...         a..        ')'55        ))  >* 

„      Equipment       2,400        „ 


Total /6,855        „ 


» 


>> 


The  system  adopted    by  the   Pennsylvania  Company    in    making  up 

their  accounts  renders  it  difficult  to  understand  exactly  of  what    the 

difference  between  these  figures  and  the  ;f  18,000  per  mile  at  which  the 

line  is  capitalised — entered  as  *' assets  "  in  the  report — is  made  up,  but 

excepting   for  terminal    property,  the    difference   docs    not    appear  to 

belong    to    either    the   construction    or   the    equipment    of    the    lines 

directly  owned  and  worked  by  the  undertaking. 

Against    this,    to  quote     again    the   case    of    the     North-Eastern 

Railway,  the  capital  account   of  that  concern    represents   an    average 

expenditure  of  over  ^44,000   per  mile.       The  mileage   of  the  Penn« 

sylvania    line    is    3,716    miles,   while   that    of    the    North-Eastern    is 

1,654.      The   two   companies  had  at    the    end    of    1901   the    following^ 

equipment : — 

Pennsylvania.  North-Eastern. 

Locomotives 1,889  2,121 

Passenger  Cars  i,779  2,884 

(ioods  and  Mineral  Cars    ...       52,784  98,248 

Here  the  great  disproportion  in  the  numbers  of  vehicles,  including 
locomotives,  and  the  volume  of  business  transacted,  calls  for  a  remark. 
The  records  of  the  Pennsylvania  Company    show  that    the   average 
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train  load  over  the  whole  system  in  1900  was  478  tons.  No  similar 
record  exists  for  the  North-Eastern,  but  a  recent  article  in  a  British 
newspaper,  based  ostensibly  on  information  supplied  by  Mr.  George  S. 
Gibbs^  the  general  manager  of  the  system,  stated  the  average  to  be 
under  100  tons. 

In  quoting  the  special  case  of  the  Xorth-Eastern  system,  I  wish 
it  to  be  clearly  understood  that  I  do  so  not  because  of  any  idea  that 
it  is  exceptional  among  British  railways,  or  is  specially  calculated  to 
supply  an  effective  contrast.  On  the  contrary,  it  may  be  taken  as 
probably  a  favourable  type  of  British  mineral-carrying  lines,  having 
a  lower  capital  outlay  per  mile,  a  larger  equipment,  a  better  service, 
and  lower  rates  than  a  number  of  other  British  railways. 

I  should  like  to  add  a  few  words  at  this  stage  on  the  effect  of  low 
railway  rates.  In  his  elaborate  statistical  paper  on  *'  The  American 
Iron  Trade,  and  its  Progress  during  Sixteen  Years,"  in  the  special 
volume  published  on  the  occasion  of  the  visit  of  the  Iron  and  Steel 
Institute  to  the  United  States,  Sir  Lowthian  Bell,  with  whom  I  had 
had  a  good  deal  of  previous  correspondence  on  the  subject,  takes 
me  to  task  for  a  remark  that  '*  American  railways  had  attained  a 
degree  of  economy  to  which  our  railways  are  strangers,"  and  for 
recommending  British  railway  managers  at  that  time  to  "  adopt  certain 
specified  changes  which  had  been  proved  so  beneficial  in  the  United 
States."  I  had  shown  the  remarkable  decrease  of  rates  and  increase 
of  traffic  between  1869  and  1888,  and  had  argued  that  "  the  low  freight 
rates  of  American  railways  have  greatly  stimulated  traffic,  while  the 
high  rates  of  British  lines,  if  they  have  not  absolutely  hindered  the 
development  of  traffic,  have  kept  it  from  assuming  the  proportions  it 
would  otherwise  have  attained,"  and  I  expressed  the  belief  that  a  still 
further  reduction  of  American  railway  rates  was  to  be  anticipated.  Sir 
Lowthian  refers  to  these  points  I  had  then  made  as  if  they  were  at 
least  doubtful,  and  reflects  on  the  American  lines  for  their  high  per- 
centage of  working  expenses  on  gross  receipts,  adding  that  it  was 
doubtful  whether  American  engineers  "  would  altogether  endorse  ''  my 
inferences,  or  "agree  in  the  advice  tendered  for  the  guidance  of 
English  boards  of  (railway^  directors." 

What  has  happened  in  the  interval  ^  In  the  case  of  the  Pennsylvania 
Railroad  the  average  earnings  per  ton-mile  fell  from  0686  cents,  per 
ton-mile  in  1888  (the  year  of  which  I  wrote;  to  0*473  cents  in  1899, 
a  decrease  of  over  30  per  cent.,  so  that  I  was  correct  in  anticipating 
further  reductions ;  while  as  regards  Sir  Lowthian's  reflections  on 
American  railway  practice,  it  is  surely  enough  to  point  to  the  fact 
that  within  the  last  two  or  three  years  most  of  the  responsible  managers 
of  the  great  British  railways  have  visited  the  United  States  for  the 
purpose  of  borrowing  from  their  experience,  and  some  of  them — 
including  the  very  line  of  which  Sir  Lowthian  is  a  director — the 
North-Elastcm — have  gone,  or  are  going,  a  long  way  in  the  direction 
of  adopting  American  ideas  and   methods. 

I  do  not  introduce  this  episode  for  the  purpose  of  justifying  one 
writer  as  against  another,  but  to  f)oint  to  the  fact  which  I  argued 
twch'C  years  ago  with  the  hon.  baronet  named,  and  earlier  still,  before 
the  Commission  of  the  Board   of  Trade   on  the  Raihvav    and   Canal 


92  AMERICAN    INDUSTRIAL   CONDITIONS. 

Traffic  Act  (1888),  that  low  railway  rates  do  stimulate  traffic,  and 
hence  to  a  great  extent  the  wonderful  development  of  American 
railways,  while  high  rates  hinder  such  development.  The  North- 
Kastern  directors  appear  to  have  realised  this  law,  and  are  at  last 
•doing  something  to  facilitate  its  operation. 

Causes  of  the  Lower  Range  of  American  Rates  and  Charges. 

Perhaps  it  hardly  needs  to  be  pointed  out  that  some  of  the  chief 
causes  of  the  lower  rates  which  the  railway  companies  of  the  United 
States  arc  able  to  charge  are,  in  the  order  of  occurrence — first,  the 
cheaper  cost  of  construction  ;  second,  the  greater  competition,  owing 
to  there  being  practically  free  trade  in  transportation  ;  third,  the  less 
amount  of  handling  done  by  the  railway  companies  in  relation  to  the 
length  of  haul  ;  fourth,  the  stimulus  to  secure  and  develop  traffic  ;  and 
fifth,  the  economies  in  the  conditions  and  cost  of  transport  introduced 
within  recent  years.  These  are  not  submitted  as  the  whole  of  the  causes, 
but  they  are  the  most  important. 

In  Great  Britain  these  influences  are  usually  conspicuous  by  their 
absence.  The  average  cost  of  our  lines  has  been  three  to  four  times 
that  of  American  railways,  taken  as  a  whole.*  We  have  no  free  trade 
in  railways,  and  not  much  effective  competition.  There  is  a  very 
^rcat  amount  of  handling  done  by  the  railway  companies  in  relation 
to  the  length  of  haul,  which  probably  does  not  exceed  35  miles,  against 
about  112  miles  in  the  United  States.  Too  little  is  done  to  stimulate 
and  develop  trade  by  concessions  in  freights  or  facilities.  And 
economies  in  the  cost  of  working,  in  the  largest  American  sense,  have 
hitherto  been  too  much  neglected. 

Some  of  the   Lowest  Transportation  Costs  on  Record. 

Some  features  of  the  low  railway  rates  in  the  United  States  may 
be  gathered  from  an  examination  of  the  conditions  which  prevail  on 
what  is  probably  the  most  effective  railway  system  in  the  world,  from 
the  point  of  view  of  economical  transport,  namely,  the  Pittsburg, 
Bessemer,  and  Lake  Erie  Railroad  Company,  of  which  the  Carnegie 
Steel  C'ompany  were  the  powerful  promoters,  and  in  which  they 
possess  a  controlling  interest.  From  Mr.  C.  M.  Schwab,  and  from  Mr. 
Uttlcy,  of  Pittsburg,  the  manager  of  the  undertaking,  1  obtained  some 
interesting  details  of  this  line,  which  is  illustrated  in  the  diagram 
herewith  (Fig.  24). 

The  president  of  the  United  States  Steel  Corporation  stated  that 
on  this  railway,  between  Lake  Erie  and  Pittsburg,  iron  ore  is  carried  for 
40  cents  (is.  «Sd.)  per  ton  over  a  distance  of  156  miles.  This  means 
that  the  cost  per  ton  per  mile  is  little  more  than  one-eighth  of  a  penny. 
I  may  again  be  permitted  to  compare  this  figure  with  that  recently 
given  by  the  general  manager  of  the  Xorth-Eastern  Railway,  namely, 
that  the  average  ton-mile  rate  charged  for  the  transport  of  minerals 
on  that  system  during  the   month   of  May,    1901,  was  O'cjgd.  per  ton- 

*  I5y  tliviilinj;  the  niilea«;c  into  the  whole  aulliorised  or  paid-up  capital  expenditure,  I 
find  that  in  1900  the  avcraqe  cajMial  per  mile  of  line  was  jC6^^i^qo  in  England,  and  ;f  12,437 
in  the  United  States.     In  Scotland  the  average  is  ^47,500  per  mile. 
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mile.  This  figure  is  nearly  eight  times  as  much  as  the  actual  cost 
given  by  Mr.  Schwab  for  carrying  kindred  traffic  on  the  American 
line! 

There  are,  of  course,  essential,  and  even  fundamental,  differences 


between  the  two  case.s  which  it  would  be  improper  to  ignore.  The 
avenge  length  of  haul,  Is,  in  the  case  of  the  Carnegie  line,  from 
six  to  seven  times  that  of  the  N'orth-Kastern.  Then,  again,  the 
Carnegie  line  was  specially  constructed  for  mineral  traffic,  and  is  worked 
with  rolling  stock  that  enables  the  tare   to  be  reduced  to  a  minimum 
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as  well  as  the  labour  and  cost  of  handling.  Finally,  on  the  American' 
line  the  traffic  is  carried  under  conditions  that  enable  much  larger 
train-loads  to  be  moved  than  would  be  possible  in  this  country  under- 
existing  conditions.*  If  similar  information  were  obtainable  as  to 
other  British  lines,  it  would  not  be  found  that  the  North-Eastern 
system  was  relatively  high  in  its  charges  for  transport. 

Mr.  Uttley  gave  me  a  copy  of  the  report  on  the  operation  of  his 
railroad  for  the  year  1900,  from  which  I  find  that  the  total  freight 
traffic  carried  on  the  system  in  that  year  was  4,180,391  tons,  or  a 
total  of  rather  over  521 J  million  ton-miles,  and  as  the  gross  freight 
traffic  receipts  for  the  same  year  was  2,112,860  dols.,  it  would  appear 
that  the  average  receipts  per  ton-mile  amounted  to  two-tenths  of  a 
penny  (o'2od).  The  average  length  of  the  haul  was  12178  miles,  the 
average  live  load  per  train  868  tons,  and  the  number  of  trains  required 
to  haul  the  freight  traffic  above  given  on  this  basis  is  stated  as  4,993. 
The  average  tonnage  carried  in  each  loaded  car  was  37  tons,  the 
average  number  of  loaded  cars  in  a  train  was  23,  and  the  average 
number  of  empty  cars  was  15.  The  freight  traffic  included  2,694,780 
tons  of  iron  ore,  so  that  this  mineral  was  64  per  cent,  of  the  total 
freight  carried. 

The  same  statement  shows  that  the  total  cost  of  the  line  and  its 
equipment  was  25,906,655  dols.,  or  (converting  the  dollar  at  4s.) 
^5»*8*>33i»  being  an  average  of  about  ;^2 5,000  per  mile,  taking  the 
length  of  the  line  as  203  miles,  including  branches.  This  is  not 
much  more  than  one-half  of  the  cost  of  the  North-Eastern  system,  as 
measured  by  paid-up  capital. 

Mr.  Uttley  was  good  enough  to  give  me  some  particulars  as  to 
the  gnides  of  this  interesting  line.  The  heaviest  is  39  ft.  in  a  mile. 
In  the  first  14  miles  of  the  route  from  the  docks  at  Conneaut  to 
PillMburg,  the  ore  is  carried  to  a  place  called  Albion,  which  is  at  a  level 
o(  a  little  over  300  ft.  above  the  starting  point.  The  train  is  aided  by 
i\\\  auxiliary  locomotive,  described  as  the  ** pusher."  At  Albion  the 
tiains  arc  sorted  and  made  up,  and  thence  each  train  is  taken  for  a 
Uiill\ri  i>  miles  by  a  single  engine,  when  the  steeper  gradient  compels 
ihr  UM'  of  the  "pusher"  engine  for  five  miles,  from  which  point  a 
ninp.lr  rnj;inr  suffices  for  the  next  20  miles.  Here  there  is  a  grade 
i»l  aluait  .?cx)  ft.  in  five  miles,  to  overcome  which  the  company  are 
now  rxprmlin^;  350,000  dols.  in  making  a  reduced  gradient,  by  which 
\\  i*i  piwposrti  lo  get  the  trains  taken  right  through  by  a  single  engine, 
lU^liMtl  ol  having  to  resort  to  two  "pushers."  At  one  or  two  other 
jmnan  on  thr  lino  ihc  aid  of  a  second  engine  is  called  for,  but  only  for 
a  U*\\  nulrs.  h\»  tl)at  altogether  the  extent  of  the  need  of  a  second 
K»iiihU'H\r  !*»  not  intue  than  15  to  20  miles  between  the  harbour 
at  (  iHuaaut  and  tin*  sorting  yard  at  North  Bessemer,  near  to  Pittsburg, 
wUwU  i.  \\w  trnninus  of  the  line. 

At  Ni»»lh  IU*nMMnrr  there  is  a  large  sorting  yard,  capable  of  pro- 
vulnij.;  Uu  aWiait  \vKXM'ars,  «»!'  .\,o  to  50  tons  capacity  each,  or  90,000 
li»   ivKs^\K>  t\aH   \i|    nuUtMial.       Here   another   system,  designated   the 

•  h  h.i-i  4v. c»»ilv  Uv>«»  ivp'Hrt  llul  iho  North-Kastern  UaiU-ay  Company  has  arranged 
til  >i\>\^\   it^c    \imik  (U  M«k^'Ui  «>(  lau^rr  m^incs,  rolling  stock,   and   train-loads,   to  at    least 


TRANSPORTATION    SYSTEMS  AND   CONDITIONS.  95 

Union  Railway,  takes  up  the  traffic  and  distributes  it  as  required  among 
the  various  concerns  that  make  up  the  vast  manufacturing  resources  of 
the  Carnegie  Steel  Company. 

The  capacity  of  the  various  blast  furnace  plants  of  the  company 
in  and  around  Pittsburg,  being  over  3,000,000  tons  of  pigf-iron  per 
annum,  the  total  quantity  of  iron  ore  that  has  to  be  handled  in  the 
course  of  the  year  must  be  over  4,000,000  tons.  The  whole  of  this 
great  volume  of  traffic  has  to  be  carried  to  Conneaut  during  the  summer 
season,  as  the  navigation  of  the  Great  Lakes  is  only  possible  for  about 
seven  months  of  the  year.  During  the  other  five  months  the  ore  is 
carried  from  the  stock  yards  to  the  furnaces  as  it  may  be  required. 
The  pressure  on  the  ore  carrying  railway  is  thus  much  greater  at  one 
period  than  at  the  other. 

There  is  a  certain  amount  of  interchange  of  traffic  between  the 
Carnegie  Company's  line  and  one  or  two  other  lines  serving  the  same 
district,  and  hauling  the  same  sort  of  traffic — notably  the  Pittsburg 
and  Western  and  Lake  Eric  lines  ;  and  an  increasing  quantity 
of  return  freight  from  the  Pittsburg  district,  including  coal,  is 
carried  for  the  use  of  the  towns  on  the  Great  I^akes,  but  at  extremely 
low  rates — the  lowest,  in  all  probability,  in  the  records  of  mineral 
transport. 

Mr.  Uttlcy  informed  me  that  in  the  month  of  August,  1901 — the 
month  immediately  preceding  my  visit — the  total  tonnage  carried  over 
the  Carnegie  Company's  line  was  729,288  tons,  of  which  550,504  tons 
were  ore  from  Conneaut  to  Pittsburg,  so  that  the  return  freight  was 
very  considerable.  In  the  same  month  the  average  earnings  for  each 
ore  train  were  931  dols.  47  cents.  The  extent  of  the  employment  of 
the  **  pushers,"  or  auxiliary  engines,  represents  an  average  employment 
of  I  i  engine  for  the  whole  distance  of  156  miles,  and  this  is  naturally 
found  to  be  more  economical  than  the  use  of  two  engines  through- 
out. 

Each  train  "  crew  "  consists  of  a  conductor,  an  engineer,  a  driver,  a 
flagman  and  two  brakemcn,  all  of  whom  go  with  the  train  from  end 
to  end,  while  the  auxiliary  engines,  with  engine-drivers  and  firemen,  go 
only  part  of  the  way,  and  unitedly  represent  one-eighth  of  the  cost  of 
a  full  "crew." 

Since  the  Bessemer  line  is  a  private  enterprise,  conducted  under 
exceptional  conditions,  it  is  natural  that  its  affairs  cannot  be  too  fully 
disclosed.  I  was  afforded  the  opportunity  by  Mr.  Uttley  of  examin- 
ing some  of  its  working  costs,  but  I  am  not  authorised  to  give  the 
details  here.  I  may,  however,  say  that  the  particulars  which  the 
company  have  thought  fit  to  make  public  show  that  the  traffic  can 
be  worked  with  a  handsome  profit  at  3  mills  per  ton-mile,  which 
means  that  the  ore  traffic  can  be  carried  over  the  whole  distance  of  156 
miles  as  a  profitable  commercial  enterprise,  as  stated  by  Mr.  Schwab, 
for  the  sum  of  is.  8d.  to  is.  lod.  When  one  thinks  of  the  rates  charged 
on  British  railways,  as  typified  by  the  normal  charge  of  los.  to  12s. 
for  the  transport  of  pig  or  other  metal  from  South  Staffordshire  to 
London,  a  distance  of  120  miles,  and  by  a  charge  of  7s.  6d.  for 
carrying  a  ton  of  coke  from  the  South  Durham  coalfields  to 
West  Cumberland,  an   average  distance  of  less   than    100  miles,  this 
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American   ore-carrying  line  surely  suggests  great  possibilities   in  the 
way  of  cheaj^ening  British  mineral  transportation  in  the  future. 

Railway  Rates  and  Facilities  of  different  Iron-makins:  Districts. 

Of  the  two  branches  of  the  subject  of  railroad  administration  in 
which  the  British  iron  trade  is  mainly  concerned,  one — the  differences 
in  the  conditions  of  the  two  countries — has  already  been  considered. 
It  now  becomes  necessary  to  consider  the  second — the  differences  in 
the  facilities  possessed  by  the  leading  iron-making  districts  of  the 
United  States,  both  for  the  economical  assemblage  of  materials  and 
for  the  development  of  an  export  trade. 

Sources  and  Cluiracter  of  Information  as  to  Rates. — In  seeking  for 
information  on  this  latter  part  of  the  case,  I  found  the  greatest  possible 
readiness  to  give  actually  quoted  rates,  which  indeed  are  available 
to  everybody.  One  friend  in  Pittsburg  handed  me  a  little  booklet 
which  contained  some  30,000  different  rates  from  that  city  to  every 
part  of  the  United  States,  got  up  for  one  branch  only  of  the  iron  trade. 
Perhaps,  naturally,  I  did  not  obtain  particulars  of  special  rates,  under 
which,  I  have  reason  to  believe,  a  good  deal  of  traffic  is  carried  by 
the  larger  corporations. 

I  deemed  it  expedient,  in  investigating  this  subject,  to  invoke  the 
aid  of  the  Intcr-State  Commerce  Commission,  which  was  established 
nearly  20  years  ago  for  the  purpose  of  dealing  with  matters  that  come 
up  in  the  management  and  reciprocal  relations  of  railroads,  and 
especially  with  questions  of  rates  for  inter-State  traffic.  The  Hon. 
Martin  A.  Knapp,  the  chairman,  the  Hon.  Judson  C.  Clements,  the 
vice-chairman,  and  the  secretary  of  the  Commission,  in  a  long  con- 
versation on  the  conditions  of  American  transport,  satisfied  me,  at 
any  rate,  that  transportation  is  not  carried  on,  even  in  the  United 
States,  without  a  considerable  amount  of  friction  between  the  railroads 
and  the  traders,  and  that  the  latter  have  not  always  the  same  ready 
remedy  that  they  have,  within  certain  limits,  in  this  country,  where 
the  rates  are  fixed  by  Act  of  Parliament,  and  where  the  Railway 
Commission  has  the  power  to  determine  what  rates  are  proper  and 
reasonable.  Indeed,  the  president  of  the  Inter-State  Commerce  Com- 
mission, in  reply  to  my  enquiry,  admitted  that  that  body  had  not  at 
present  the  power  to  enforce  any  particular  rate,  or  to  compel  even 
the  highest  rates  to  be  modified.  They  can,  he  stated,  only  recom- 
mend an  alteration,  and  the  railroad  concerned  may  either  accept  or 
reject  the  recommendation,  although,  as  a  rule,  it  is  acted  on. 

I  asked  the  chairman  and  secretary  of  the  Commission  if  they 
could  aid  us  by  procuring,  for  our  use,  a  statement  of  the  amounts 
of  the  rates,  mileages,  and  ton-mile  rates  of  the  coal,  iron,  and  steel 
traffic  carried  on  American  railroads,  and  especially  that  part  of  such 
traffic  as  was  destined  for  export  Both  gentlemen  readily  undertook 
this  service,  and  at  a  later  date  I  received  from  them  a  series  of 
interesting  tables,  communicating  the  information  asked  for,  and  on 
which  I  shall  now  proceed  to  make  a  few  remarks.     (See  Appendix.) 

Let  me  here  state  that  these  special  tables  furnished  by  the  Inter- 
State  Commerce  Commission  api>ear  to  me,  with  a  fair  knowledge  of 
the  literature  and  documents  pertaining  to  American  railroad  affairs^ 
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to  furnish  perhaps  the  most  complete  presentation  of  rates  on  coal 
and  iron  that  is  in  existence.  It  is  a  rare  thing  to  find  American 
rates  worked  out  as  these  are,  so  as  to  show  at  once  the  rate,  the 
mileage,  and  the  ton-mile  records.  The  Commission  took  more  than 
two  months  to  collect  and  collate  these  figures,  for  which  they  made 
direct  application  to  the  various  railroads  concerned. 

Coal  and  Coke  Rates. — So  far  as  coal  is  concerned,  the  rates  are 
given  for  a  number  of  principal  points,  in  respect  of  the  principal 
coalfields  of  Pennsylvania,  Virginia,  Western  Virginia,  and  Maryland, 
in  cents  and  decimals  thereof  per  ton  per  mile.  The  most  superficial 
examination  of  these  figures  shows  the  great  influence  of  distance  in 
American  transport.  Thus,  from  the  Pittsburg  district,  the  ton-mile 
rate  for  coal  sent  to  Buffalo,  which  is  235  miles  distant,  is  043  cents, 
or  o*2id.,  but  when  the  distance  is  doubled,  as  it  is  to  Chicago,  the 
ton-mile  rate  is  reduced  to  037  cents,  or  oi6d. 

These  figures,  again,  should  be  helpful  to  those  who  arc  seeking 
to  estimate  the  future  of  the  American  coal  trade  from  an  export 
point  of  view.  Thus,  it  is  shown  that  the  rate  from  the  Pocahontas 
coalfield — which  is  one  of  great  promise — to  Norfolk,  which  is  the 
most  important  of  the  available  ports,  is  i  dol.  70  cents,  or  about  7s., 
and  the  rate  is  the  same  from  Roderfield,  in  West  Virginia,  although 
40  miles  further  off.  None  of  the  rates  quoted  for  coal  traffic  to 
southern  ports  fall  below  this  figure,  but  it  is  well  known  that  some 
two  or  three  years  ago  coal  was  being  carried  for  export  to  some 
of  the  southern  ports  at  about  i  dol.  per  ton. 

The  following  is  a  statement  of  the  freight  rates  on  Connellsville 
coke  to  the  principal  points  of  consumption,  from  which  it  is  possible  to 
compute  the  cost  of  coke  at  the  leading  iron-making  centres,  taking 
the  current  price  of  the  coke  at  the  ovens,  loaded  into  cars,  at  2 
to  2\  dols.  (8s.  4d.  to  los.  5d.)  per  ton. 


Points. 

Dols. 

Points. 

Dols. 

Pittsburg,  Pa. 

•  •  • 

•  •  • 

■  •  • 

075 

St.  Louis,  Mo 

...     295 

Mahoning  and  Shenango  Valleys 

1*20 

East  St.  Louis,  111 

265 

Cleveland,  O. 

1-50 

Cairo,  111 

...     265 

Buffalo,  N.Y. 

175 

Joilet,  111 

...     2*50 

Detroit,  Mich. 

2*25 

Peoria,  111.    ... 

2'55 

Cincinnati,  O. 

200 

Baltimore,  Md 

...     1*95 

Toledo,  0... 

2*2C 

Boston,  Mass.         

...     3-20 

Columbus,  0. 

1*55 

New  York,  N.Y 

...     2*65 

Elwood,  Ind. 

2-25 

Philadelphia,  Pa 

195 

Louisville,  Ky. 

2*50 

Montreal,  Canada  .  . 

...    yt\\ 

Chicago,  111. 

2*50 

The  Report  of  the  Committee  on  Canals  of  the  State  of  New 
York,  appointed  by  President  Roosevelt,  as  Governor,  in  1897,  ^i^d 
submitted  in  1900,  showed  that  the  average  rates  for  the  transport 
of  coal  on  the  Chesapeake  and  Ohio  Railroad  between  1894  and  1899 
were  as  under,  in  cents  per  ton-mile  : — 

To  1894.        1895.       1896.        1897.        189S.       1899. 

Inland  Points -443        -386        -384         380        -333         355 

Seaboard  '320        '293        '253         297         259        -221 


Differences   ...        '123        '093         131        -083        '074        -134 

H 
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These  figures  are  probably  the  lowest  in  the  history  of  transporta- 
tion, unless  it  be  those  charged  for  the  transport  of  coal  from  Ohio 
to  Lake  Superior  points,  which  in  1897  were  as  low  as  29  cents 
(l4id.)  for  a  distance  of  between  800  and  900  miles.  This  latter,  of 
course,  was  a  return  freight,  and  it  will  probably  not  be  claimed  that 
the  figure  named  had  any  direct  relation  to  the  actual  cost  of  the 
service.  The  rate  for  the  transport  of  iron  ore  over  the  same  dis- 
tance, which  had  been  as  high  as  i  dol,  75  cents  (7s.  3id.)  in  1887, 
fell  to  60  cents  (2s.  6d.}  in  1898,  which  latter  was  presumably  a 
remunerative  freight. 

The  rates  charged  for  coal  transport  on  the  Chesapeake  and 
Ohio  line  are  exceptionally  low.  From  figures  available  as  to  the 
rates  on  the  I-ehigh  Valley  line,*    it   appears   that    the   average  was 


irfil 


SCS 


as  much  as  2  cents  per  ton-mile  in  1871,  and  that  it  fell  to  -671 
cents  (or  "33Sd.)  in  1898.  On  the  Philadelphia  and  Reading  line, 
the  average  ton-mile  rate  in  1890  was  still  over  i  cent,  and  on 
the  Central  of  New  Jersey  it  was  close  on  a  cent  (959  c.)  in  1896. 
The  Pennsylvania  Railroad  Company  and  the  New  York  Canals 
unitedly  chargpd    882  cents  (■44id.)  per  ton-mile  in    1887. 

The  general  movement  of  ton-mile  freight  rates  in  the  United  States 
may  be  followed  in  the  following  record  of  averages  in  corrected  specie 
values  for  different  dates  (in  cents  per  ton-mile) : — 
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Railway. 

1870. 

1880 

1890. 

1899. 

x!tfric         •.•          •••          ...          ..1 

1125     ... 

836     ... 

•643 

...      52 

New  Vork  Central      

1-590    ... 

•879     ... 

730 

...     -59 

Lake  Shore      

1*269     — 

•750     ... 

•644 

...     -502 

Michigan  Central        

r673    ... 

•842     ... 

•701 

...      597 

Pennsylvania    ...        

1-268     ... 

•Q18     ... 

-661 

...      561 

Pittsburg  and  Fort  Wayne    ... 

1-229     ... 

745     ... 

•69 

...     -57 

Chesapeake  and  Ohio 

4-101     ... 

•892     ... 

•561 

...     -36 

New  York  Canals       

73       ... 

-42       ... 

•26 

...     -19 

Iron  and  Steel  Rates. — The  rates  on  iron  and  steel  from  Pittsburg 
to  the  principal  ports  of  shipment  are  given  in  the  Appendix.  It 
will  be  noted  that  to  New  York,  which  is  by  far  the  most  important 
of  the  ports  used  by  Pittsburg  manufacturers  up  to  the  present  time, 
the  rates  quoted  vary  from  2  dols.  80  cents  (lis.  8d.)  per  ton  of 
2,240  lbs.,  to  nearly  twice  that  figure  for  tinplates  ;  and  it  will  be 
remarked  that  the  rate  for  steel  rails  is  higher  than  that  for  pig-iron, 
blooms,  or  billets. 

The  rates  to  Philadelphia  are  rather  under  those  to  New  York,  but 
in  the  cases  of  blooms,  billets,  and  bars,  only  20  cents,  or  lod.  less, 
although  there  is  a  difference  in  distance  of  about  90  miles.  The 
Baltimore  rates  are  less  than  those  of  either  New  York  or  Phila- 
delphia.     The  principal  rates  are  as  under  : — 


New  York.         Philadelphia. 


Pig-iron 

Blooms 

Billets 

Bars... 

Rails 


Rate  per  ton- 
mile. 
In  dols.  In  pence. 
2-20      0-22 
2-40      0*23 
2-40       0*23 
2*40       023 
2*8o      0*28 


Rate  per  ton- 
mile. 
In  dols.  In  pence. 


2*oo 

2*20 
2*  20 
2'20 
240 


023 
028 
028 
028 
030 


Baltimore. 

Rate  per  ton- 
mile. 
In  dols.  In  pence. 
.      1*90  '210 

.     2*io      028 

.       2*20        0*28 

No  record. 
.     230       0^37 


The  tables  furnished  by  the  Commission  give  a  number  of  rates 
for  long-di.stance  traffic,  such  as  those  from  St.  Louis  and  Chicago  to 
Denver  City,  Salt  Lake  City,  and  San  Francisco,  and  those  from 
Pittsburg  to  Pensacola  and    Mobile. 

In  January,  1894,  Messrs.  A.  R.  Whitney  &  Co.  presented  to  the 
Wilson  Tariff  Committee  the  following  then  current  freights  from 
the  chief  manufacturing  centres  to  the  sea : — 


AVBRAGB 

Pittsburg 
Pittsburg 
Pittsburg 
Pittsburg 
Pittsburg 
Pittsburg 
Pittsburg 
Pittsburg 


Rates  of  Freight  from 
to  Pacific  ports 
to  Gulf  ports... 
to  Atlantic  ports 
to  Pensacola,  Fla.     ... 
to  New  Orleans,  La. 
to  Charleston,  S.C.  ... 
to  New  York,  N.Y.  ... 
to  Boston,  Mass. 


Antwerp  and  Liverpool  to  Pacific  ports 
Antwerp  and  Liverpool  to  Gulf  ports 
Antwerp  and  Liverpool  to  Atlantic  ports 


Per  100 

Per  ton. 

lbs. 

2,240  Il>s. 

Dols. 

Dols. 

0-48 

or 

1075 

0*40 

or 

8-96 

0'20 

or 

4-48 

0*50 

or 

1 1*20 

038 

'or 

8-52 

022 

or 

4*92 

018 

or 

403 

o-2o.i 

or 

4*59 

C     s. 

0     14 

or 

3*40 

0     10 

or 

244 

0       5 

or 

1-25 
H   1 

69240^^ 
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Since  then  these  rates  have  been  somewhat  modified,  as  we  have  seen, 
but,  speaking  generally,  the  foregoing  figures  remain  fairly  typical,  and 
may  usefully  be  put  on  record. 

The  conditions  under  which  traffic  is  carried  on  American  lines, 
and  notably  the  Chesapeake  and  Ohio,  which  hauls  coal  traffic 
with  a  profit  at  a  trifle  over  2  mills,  or  one-tenth  of  a  penny,  per 
ton-mile,  are  vastly  different.  In  the  case  just  cited  the  haul  is  a 
long  one,  extending  over  several  hundred  miles.  It  is  one  of  the 
most  elementary  facts  in  railroad  administration  that  traffic  can  be 
carried  much  more  cheaply  over  long  than  over  short  distances.  In 
other  words,  it  is  the  cost,  labour  and  delay  incidental  to  the  handling 
of  traffic  that  causes  the  most  serious  outlay.  Hence,  when  we  say  that 
mineral  traffic  is  carried  on  certain  American  railroads  for  one-fifth 
to  one-tenth  of  the  rate  charged  on  British  railways,  the  fact  is 
liable  to  create  an  erroneous  impression,  unless  it  is  accompanied  by 
an  explanation  of  the  increase  of  the  cost  of  working  due  to  short 
hauls.  Even  so,  however,  the  difference  by  increase  against  the  rates 
charged  on  British  railways  is  such  as  provokes  feelings  of  dis- 
satisfaction. It  is  no  comfort  to  the  British  trader  to  be  notified 
that  he  has  to  pay  higher  railway  rates  than  his  competitors, 
because  land,  Parliamentary  expenses,  rates  and  taxes,  and  other  out- 
goings take  a  higher  range  in  this  country  than  abroad,  however 
much  these  facts  may  control  the  situation. 

While  the  freight  rates  charged  in  the  United  States  for  the 
transport  of  raw  materials  are  generally  very  low,  it  would  be  a 
mistake  to  suppose  that  all  freight  rates  charged  in  the  United 
States  are  equally  low.  In  some  cases,  American  railroad  rates 
are  complained  of  as  exceptionally  high.  This  is  especially  the 
case  with  the  anthracite  coal  traffic,  which  ranges  from  id.  to  i|d. 
per  ton-mile. 

The  following  are  the  quoted  rates  from  Pittsburg  to  the  leading 
iron  and  steel  manufacturing  centres  in   1901  : — 

Rates  for  Platks,  Wire,  Naius,  and  Other  Finished  Steel  for 

Shipment  from  riTTsnuRf;  to— 

Cents  per  100  lbs. 
Less  than 
Car  loads.     Car  loads. 

New  York ...         ...         ...         ...         ...  13  16 

Philadelphia  12  15 

.MoDile        ...         ...         ...         ...         ...  2()  35 

Newport  News      16  20 

West  Point 16  20 

Haltimore  ...         ...         ...         ...         ...  11  i  145 

Vancouver 74*2  124^ 

New  (ilasgow,  N.S 2^7  44 

Pictou  2>7  44 

Quebec       252  38 

Minimum,  30,000  lbs. 

Revenue  per  Ton  of  Minerals  Handled, — In  the  United  Kingdom 
the  total  volume  of  mineral  traffic  carried  in  1900  was  over  306 
millions    of   tons,    and    the     total    gross     revenue     therefrom     was 
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j£^22,870,ooo,  SO  that  the  average  gross  receipts  per  ton  moved  were 
about  IS.  6d.  In  the  United  States,  for  the  year  1898,  the  total 
tonnage  of  all  freight  carried  was  879  millions,  and  the  total  gross 
receipts  from  freight  traffic  was  875,000,000  dols.,  so  that  the  average 
gross  revenue  per  ton  moved  was  just  about  a  dollar.  This  means 
that  the  American  average  was  nearly  three  times  the  British 
average  revenue  for  each  ton  handled.  The  difference  is,  of  course, 
mainly  a  function  of  the  greater  distance  carried,  which,  in  the 
United  Kingdom  was  not  more  than  35  miles,  and  in  the  United  States 
was  nearly  120  miles. 

This  raises  the  question,  often  discussed  by  railway  authorities, 
whether  the  mere  haulage  of  a  train  is  the  most  important  factor 
in  the  cost  of  transportation,  or  whether  that  cost  is  not  rather 
determined  by  other  elements,  and  notably  by  the  capital  outlay  on 
the  enterprise,  by  the  handling  of  the  traffic,  by  the  rate  of  si)ced, 
by  the  facilities  afforded  for  quick  delivery,  and  by  c>thcr  kindred 
considerations.  These  are  questions  that  cannot  possibly  \)C  dealt 
with  in  the  space  at  my  disposal,  but  it  may  at  least  ])c  pointe^l 
out  that  they  all  have  an  influence,  and  establish  differential  conditions 
which  ought  not  to  be  ignored. 

Heavy  American   Locomotives. 

It  is  well  known  that  much  of  the  recent  \ff<pgrtt^s  of  ih^. 
American  system  of  freight  transjx>rt  is  attributed  to  X\vn  r^umrk^hlr 
increase  of  weight  and  power  in  the  U>comotJv<rs  t:inpU/y^:^l  I* ft  ih'4X 
purpose.  In  view  of  this  fact,  I  *^j\ighx  for  and  o^/^jin^yJ  \Mtffu\^>v/it  t// 
go  over  the  Baldwin  IxtcomoxWc  \\'</rV,^,  vkhi>;  I  ^t'^/  %*i>  hii'/r^U^i 
the  opportunity  of  inter\'ie'A-s  -Ajth  vr/^-r^^  </  *'h*:  y^r*'t^ft.  i  f^ystj^U'/i 
this  as  all  the  more  imp^yrurt  :jvjc.'jf:  'A  *•>*:  y.,'7^:^f^,  */  tj^ 
competition  of  the  locomotive  \/y  rj^r^K  '/  *r>f:  ''.:.:* f A  ''j^A*f^.  ;?>  i'/f*r/^u 
markets,  and  even  in  our  own  h^/rr^-r  -'Jcrv:- 

The  story  of  the  developrr;^.r  '/  •-<*:  \':.^^^\  '/y/Ai/f  **:  i/it> 
been  succinctly  told,  in  his  x^jjtX  *r,  y^-v  -/T'/r^  *r>^  J'-^rv^^n*] 
Commission  now  sitting  in  the  ^*':.*fj\  %*^*' i  'j^/  Mr  ^/^//f;^^ 
Converse,  one  of  the  partners  in  tbr:  B^  ^  •  -  '*^.^r'^/r  -^  «;•/  ?*V/'/; 
as   follows  : — 

"  The  original  American  locomotive  was  a  i:*:^^''  -..  r**  r  -•.  ♦  ..  '>/  >   y^^  *4  <,'  »  ?// 
wheels,  and  the  aggregate  weight  was  probably  i.v,   r^/tK  "t-^x  U'r\    'v  »/,  i',  ur-x 
The  first  change  was  the  addition  of  the  sc<.ond  j/i-r  •/   <•     -^f^    •''*•>.     ii-/?    *'.* 
coupling  of  them  together,  and  the  equalisation  *A  *♦**:  <f  «  1./    ••v»>  ••    •••/.''    r4-> 
an  American  device.     Then  the  next  change  waj»  in  < fri'/i^^''/^  \n  *i«C  *  /«--  <f  •  •'/ 
wheels  together,  and  the  increase  in  the  weight  of  VM^m^^Ai^*  \.  *'*a%0  //^  v/   y,  vr-i 
That  change  occurred  during  the  period  1840  to  1830,     \u  'i^.  y*  /*  •»%  '*.'>.'>    T"  •- 
1850  to  1870,  nearly  all  the  existing  types  of  locomotiv^:^  »♦«:  '^-^v/  i»*  '^  •    ./.     '*•'•: 
was  some  increase  in  weight.     About  1870  the  standard  Ajuu^w ''*■/«  ^y'^--^/     ^i  r.»-* 
about  40  tons  in  weight  for  an  ordinary  freight  loc<MrKAi>«r  m^C  4r.*^^\r    /^     -^      *'f  -jit 
passenger  locomotive.     The  development  has  been  *•«-/ ^^f^sn*  •  r.-  •.■■*•  ^.   •  ',..-^'j*. 

and  now  freight  locomotives  of   100  tons  and  \^M^0aj()(^  ^^//^w/    * .    * ',   i« 

80  tons  are  the  rule.     All  these  weights  are  for  the  k^iMMr.-^  j^-^^f  <  •,'    * 
of   the    weight  of   the  tender.     The    weight    r#f    tl«:   Vjii-V:*    %u%    '^'y-^^'j 
increased,  so  that,  while  40  years  ago  a  2,000-galUm  UaAfsf  ^^  "r.;/>  -*'.    -   -jti. 
liberal  size,  tenders  of  7,500  gallons  capacity  arc  wpw  */Ai^s\.'  ^/, 

The  influence  of  this  development  ha«  bew  \^'^  'v-^.       •  •  >- 
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the    American    locomotive   to   haul    much   heavier   loads,   and    it    has 
reduced  the  cost  of  motive  power  relatively  to  the  work  performed. 

We  have  seen  that  the  average  tons  of  freight  carried  in  a  freight 
train  on  the  Pittsburg,  Bessemer,  and  Lake  Erie  Railroad  was  868 
tons.  The  average  tonnage  carried  on  a  British  freight  train,  although 
not  accurately  known,  is  believed  to  be  under  lOO  tons.  The  American 
locomotive,  therefore,  as  typified  by  the  above-named  line,  probably 
does  nearly  nine  times  the  work  of  a  British  engine. 

Mr.  T.  N.  Ely  gave  me  some  interesting  figures  illustrative  of 
the  great  advances  made  on  the  Pennsylvania  Railroad  within 
recent  years  in  providing  for  the  heavier  traflRc  and  the  greater  train 
loads.  Within  the  last  25  years  the  tractive  power  of  the  consolidation 
locomotives  employed — the  type  remaining  practically  the  same — has 
increased  from  19,200  lbs.,  to  39,700  lbs.,  while  the  weight  of  the 
locomotive,  not  including  tender,  has  increased  from  95,700  lbs.  to 
193,500  lbs.  In  the  same  interval,  in  order  to  meet  the  requirements 
of  heavier  trains  and  locomotives,  the  permanent  way  has  been 
increased  from  80  to  100  lbs.  per  yard,  and  this  latter  figure  is  now 
almost  invariably  adopted. 

To  the  same  authority  1  am  indebted  for  some  information  as  to 
the  locomotive  power  at  the  command  of  this,  the  greatest  mineral- 
carrying  railroad  in  the  world.  In  1901,  it  directly  owned  1,184  freight 
locomotives,  whose  tractive  power  was  28,073,415  lbs.,  and  whose  work 
in  1900  was  40,818,521  miles,  the  average  cost  of  their  repair  per  100 
miles  run  in  the  same  year  having  been  6  dols.  17  cents.  The 
gross  earnings  of  these  locomotives  in  1900  was  62,171,000  dols.,  or 
52,509  dols.  per  locomotive. 

The  fact  that  a  locomotive  in  the  United  States  is  made  to  do 
a  much  larger  amount  of  work  than  in  Great  Britain  is  to  a  large 
extent  a  function  of  the  greater  average  length  of  the  haul,  which  is 
quite  three  times  as  much  on  the  other  side  of  the  Atlantic,  but  it 
is  also  and  mainly  owing  to  the  fact  that  each  American  freight 
locomotive  is  handling  from  six  to  ten  times  the  quantity  of  paying 
traffic  while  it  is  in  service.  The  British  railway  companies,  in  other 
words,  have  to  maintain  from  {\\c  to  ten  times  the  number  of 
locomotives  to  do  the  same  work,  and  these  have  to  meet  the  cost  of 
repairs,  fuel,  train  staffs,  and  other  outgoings  in  proportion.  Moreover, 
the  actual  first  cost  of  the  American  locomotive  is  comparatively  low, 
so  that  the  British  system  docs  not  seem  to  guarantee  any  advantages 
from  this  point  of  view.  Mr.  Ely  informed  me  that  the  average  value 
of  the  locomotives  directly  owned  by  the  Pennsylvania  Company  is 
about  8,000  dollars,  or /^ 1, 600. 

During  the  last  ten  years  there  has  been  an  increase  of  25  to 
50  per  cent,  in  the  capacity  of  the  engines  used  for  mineral  traffic  in 
the  Pennsylvania  mineral  region.  On  the  Chesapeake  and  Ohio  road, 
during  that  interval,  there  has  been  an  increase  of  12,350  lbs.  in  the 
tractive  force  of  the  engines  emplo}'cd,or  about  33  percent.*  Speaking 
generally,  the  locomotive  has  doubled  in  weight  and  power,  while  its 
cost  has  increased  by  only  50  per  cent. 

•  Pnper  on  '  The  Large  Steel  Car,"  by  W.  S.  Morris,  Chesai>eake  and  Ohio  Railway. 
*•/  merican  En^itu^er^  Jan.,  1 9  o  i . 
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Mineral  Roiiins:  Stock. 

In  the  United  States  the  great  bulk  of  the  railway  wagons  in  use 
are  owned  by  the  railway  companies.  The  Pennsylvania  Railroad 
alone  has  almost  as  many  cars  as  all  the  private  traders  put  together. 
Demurrage  is  charged  at  the  rate  of  a  dollar  for  24  hours,  if  a  car  is 
held  at  any  station  for  more  than  48  hours,  but  this  rule  is  not  very 
rigidly  enforced.  Terminal  arrangements  are  usually  rather  favourable 
to  the  trader.  They  are  not  charged  for  as  terminals,  but  as  switching 
charges,  and  they  vary  from  i  to  12  dols.  per  car.  In  the  case  of 
using  private  cars  on  public  railways,  the  railway  company  pays  to 
the  trader  from  ^  cent  to  J  cent  per  mile  travelled  by  the  car,  for  its 
use,  in  lieu  of  that  of  their  own  car.  The  trader  in  such  cases  is 
also  paid  on  return  empties.  There  is  some  talk  of  converting  this 
allowance  into  a  per  diem  arrangement.  Loading  and  unloading 
is  usually  done  by  the  consignor.  Rates  can  be  reduced  without  pre- 
vious notice,  but  when  advanced  ten  days'  notice  is  required.  The 
reasonableness  of  a  rate  is  difficult  to  determine,  an  equal  number  of 
men  being  usually  ready  to  declare  that  it  is  and  that  it  is  not  so. 

In  the  company  of  my  colleagues,  I  was  afforded  the  opportunity 
of  being  shown  over  the  important  works  of  the  Schocn  Pressed  Steel 
Car  Company,  in  the  neighbourhood  of  Pittsburg,  and  of  witnessing 
a  system  and  rate  of  production  of  rolling  stock,  specially  designed 
for  mineral  traffic,  which  has  no  parallel  in  any  part  of  the  world. 
This  company  has  four  works — at  Allegheny,  at  Pittsburg,  at  McKees 
Rocks,  and  at  Joliet.  It  was  founded  by  the  engineer  whose  name  it 
bears  for  the  purpose  of  manufacturing  all-steel  cars  adapted  to  every 
kind  of  freight  traffic,  but  more  especially  minerals,  of  new  design  and 
of  large  capacity. 

This  company,  which  is  taken  as  being  both  typical  and  the  largest 
of  its  kind — for  other  concerns  now  carry  on  the  business  quite 
extensively — was  able  to  satisfy  the  American  railroads  that  by  the 
adoption  of  its  system  there  was  a  less  number  of  cars  required,  a 
reduced  empty  car  movement,  and  reduced  friction  and  atmospheric 
resistance,  train  length,  switching  service,  number  of  car  parts,  and 
smaller  payment  for  car  mileage  and  for  the  cost  of  inspection,  which 
is  usual  in  the  United  States.  It  is  also  claimed  that  the  steel  car 
reduces  the  repairs  from  35  to  40  dols.  per  annum  for  wooden  cars, 
to  between  10  and  15  dols.  for  the  company's  system,  while  the  car 
has  greater  life,  gives  greater  salvage,  and  entails  no  insurance. 

An  example  of  what  has  thus  been  achieved  in  the  cheapening  of 
American  transport  may  be  quoted.  On  the  B.  and  O.  Railroad  50 
cars,  each  weighing  34,000  lbs.,  were  loaded  with  an  average  of 
98,000  lbs.  of  coal,  the  train  being  computed  to  weigh  6,458,100  lbs. 
gross,  while  the  net  weight  of  coal  carried  was  4,758,000  lbs.  This 
infers  a  tare  of  only  26  per  cent,  and  a  total  load  of  nearly  3,000  tons. 
Within  the  last  few  years,  by  the  substitution  of  pressed  steel  cars  of 
1 10,000  lbs.  for  wooden  cars  of  60,000  lbs.,  in  mineral  traffic,  the  ratio 
of  load  to  total  weight  of  car  when  loaded  has  been  raised  from  6667 
per  cent,  to  79*  13  per  cent. 

From  50  to  60  per  cent,  of  the  Lake  Superior  ores  are  forwarded 
in  cars  direct   from   the  vessels  at  the  head  of  Lake  Eric  to  the  fur- 
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naccs  in  Pittsburg,  etc.,  without  first  being  stored  at  the  docks.  These 
vessels  a  few  years  ago  were  of  a  maximum  capacity  of  from  2,500 
to  3,000  tons  ;  now  they  carr>'  as  much  as  8,500  tons.  A  quick 
despatch  is  required  on  the  part  of  the  vessel  owner,  which,  under 
conditions  prevailing  five  years  ago,  would  be  impossible,  but  by  the 
use  of  the  ioo,ooo-lb.  capacity  car  it  has  been  accomplished.  The 
railroad  companies  are  handling  a  much  heavier  tonnage  over  the 
same  tracks,  and,  notwithstanding  the  earnings  per  ton-mile  have  been 
greatly  cut  down,  they  have  been  able  to  maintain  a  margin  of  profit. 

A  careful  record  taken  of  nearly  200,000  cars  handled  on  two  lines 
of  railway  leading  from  Pittsburg  to  two  of  the  principal  ports  of 
Lake  Erie  shows  that  it  was  possible  to  secure  the  following  loads  for 
their  cars : — 

Ore,  108  per  cent,  of  marked  capacity. 
Coal,  82  per  cent,  of  marked  capacity. 
3,616  of  the  ioo,ooo-lb.  capacity  cars  showed   an  average  lading 

carried  of  93  per  cent. 
136   of   the  70,000-lb.   capacity   cars   showed   an   average   lading 

carried  of  91  per  cent. 
6,727  of  the  70,000  lb.  capacity  cars  showed    an    average   lading 
carried  of  97  per  cent. 
The  advantages   gained  by  reducing  the  length  of  the  train    for 
a   given    tonnage,  which    are    secured    by  the  use   of  large   capacity 
cars,  are  stated  to  be : — 

First. — The  friction  and  atmospheric  resistance  are  lessened,  and  by 
bringing  the  moving  load  closer  to  the  locomotive  it  can  be  handled 
with  greater  ease. 

Second. — A  less  number  of  cars  and  locomotives  are  required  to 
move  a  given  tonnage,  saving  interest  on  capital  and  car  service, 
and  lessening  the  empty  car  movement  in  the  direction  contrary  to 
the  heavy  traffic  movement. 

Third. — The  necessity  of  increasing  the  capacity  of  the  main 
lines,  freight  yards  and  shops  is  avoided,  and  at  the  same  time  the 
cost  of  switching  is  reduced. 

Fourth. — A  large  saving  in  wages  results  from  the  decreased 
number  of  trains.* 

In  the  early  history  of  the  American  freight  car,  about  7,000  lbs. 
and  four  wheels  were  considered  the  proper  "  goods  wagon."  Coal 
cars  in  i860  carried  five  tons,  and  merchandise  cars  were  built  to 
carry  about  the  .same  weight.  As  late  as  1865,  15,000  lbs.  was 
considered  an  ordinary  load  for  a  box  car.  In  1874,  box  cars  were 
introduced,  the  weight  of  which  was  about  19,000  lbs.  and  their  capacity 
14  tons.  The  20-ton  car  was  introduced  in  1876;  the  25-ton  in  1883, 
and  the  30-ton  car  in  1885.  In  1895  the  40-ton  car  was  adopted. 
To-day,  the  50-ton  car,  made  of  steel,  carrying  10  per  cent,  above  its 
marked  capacity,  the  tare  being  less  than  25  per  cent,  of  the  total 
weight  of  the  car  and  lading,  is  the  form  generally  in  request. 

Mr.   Twinberrow    recently  informed    the   Inst.C.K.     that   '*so  long 
as   the   present   light  trains,   with   large    proportions  of  dead    weight, 

•  \V.  S.  Morris  on  "The  Large  Steel  Car." 
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and  costly  repairs  and  renewals,  prevail,  so  long  will  English  railways 
find  it  impossible  to  handle  heavy  freight  in  volume  at  low  rates," 
bnt,  as  the  regulations  of  the  Railway  Clearing  House  have  hitherto 
practically  confined  them  to  the  use  of  lo-ton  wagons,  reform  has 
been  difficult.  On  the  North-Eastern  Railway  two  types  of  wagons 
have  lately  been  experimentally  adopted,  which  promise  to  go  some 
way  to  solve  the  difficulty — simplicity  being  studied  in  the  employ- 
ment of  standard  rolling  mill  shapes  and  flat  plates,  with  very  little 
smith  work. 

Foreclosures  and  Receiverships  of  American  Railroads. 

The  low  freight  rates  charged  on  the  railways  of  the  United  States 
have  been  blamed  for  the  fact  that  so  many  of  the  lines  have  had 
to  go  into  liquidation,  and  no  doubt  there  is  a  primd  facie  case  to 
justify  this  assumption.  In  the  25  years  ending  with,  and  including, 
1900,  634  roads,  representing  113,275  miles  of  line,  and  a  total  capital 
in  bonds  and  stocks  of  6,388^  million  dollars,  went  into  the  hands  of 
receivers.  In  the  black  year,  1893,  alone,  74  roads,  with  a  total  of 
29,340  miles,  and  bonds  and  stocks  aggregating  1,781  million  dollars, 
were  so  dealt  with.  Even  in  the  prosperous  year,  1900,  3,477  miles 
of  railroad  were  sold  under  foreclosure,  the  total  bonds  and  stock  of 
which  were  in  excess  of  190^  million  dollars. 

This  is  a  gloomy  record,  but  it  is  not  necessarily  the  result  of 
low  railway  rates,  although  it  is  admittedly  to  a  large  extent  due  to 
unrestricted  competition.  The  railroads  of  the  United  States  are, 
however,  built  in  advance  of  both  population  and  traffic,  and  it  de- 
pends largely  on  their  staying  powers  whether  they  can  be  kept  alive 
until  they  become  self-supporting.  The  Pennsylvania  Railroad,  which 
quotes  among  the  lowest  rates  known,  even  in  the  United  States,  has 
long  been  a  prosperous  enterprise,  and  has  demonstrated  the  possible 
co-existence  of  low  rates  and  good  dividends. 

B._AMERICAN   LAKE  TRANSPORTATION. 

The  conditions  of  the  American  iron  industry  are  greatly  affected 
by  the  very  remarkable  system  of  water  transportation  of  Lake 
Superior  ores  from  the  ports  of  shipment  to  Cleveland,  to  Buffalo, 
and  to  Chicago.  This  is  now  the  cheapest  transportation  of  its  kind 
in  the  world,  and  it  has  such  an  important  bearing  on  the  whole 
question  of  American  costs,  past,  present  and  future,  that  it  calls 
for  a  rather  full  statement  of  the  facts. 

Briefly,  the  essential  fact  is  that  the  iron  ore  mined  in  the  Lake 
Superior  ranges  is  transported  over  a  thousand  miles  to  the  blast 
furnaces  of  Pennsylvania,  Ohio,  New  York,  and  Illinois,  at  a  cost  of 
about  1 4  dols.,  or  6s.  3d.  per  ton,  including  two  railway  journeys, 
ranging  from  50  to  180  miles,  and  two  breakages  of  bulk. 

The  last  20  years  has  witnessed  a  reduction  of  lake  transport 
alone,  varying  from  750  to  900  miles,  from  a  contract  rate  of  2  dols. 
45  cents  (los.  i^d.)  in  188 1,  to  an  average  of  60  cents  (2s.  6d.)  per  ton 
in  the  two  years  1898  and  1899.  The  latter  rate  from  Escanaba,  how- 
ever, was  as  low  as  45  cents  ;is.  loid.)  in  each  of  the  two  years    1897 
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and  1898.  This  is  plus  a  charge  for  trimming  and  unloading  of 
25  cents  (is.  oid.)  per  ton. 

The  cars  used  to  transport  the  ore  from  the  mines  to  the  lakes 
are  usually  of  2  5 -ton  capacity,  and  arc  run  in  trains  of  about  40  cars 
each.  These  trains  follow  one  another  at  intervals  of  half  an  hour  on 
some  of  the  roads,  thus  enabling  the  line,  when  worked  to  the  limit 
of  its  capacity,  to  transport  fully  1,000,000  tons  of  ore  per  month. 
The  movement  of  ore  by  these  roads  during  the  seven  or  eight  months 
of  the  year  during  which  navigation  is  open  on  the  lakes  is  said  to 
constitute,  in  proportion  to  the  trackage,  the  heaviest  traffic  ever 
handled  on  any  railroad  in  the  world.  Upon  arrival  at  the  point  of 
transference  from  rail  to  vessel,  the  ore  trains  are  run  out  upon  one 
of  the  four  tracks  which  traverse  the  top  of  the  trestle-like  structure 
that  constitutes  the  loading  dock.  The  ore  is  then  allowed  to  escape 
through  hoppers  in  the  bottoms  of  the  cars  directly  into  the  bins  or 
pockets  of  which  the  ore  dock  is  made  up. 

There  are  21  of  these  docks  located  at  five  different  ports  on  Lake 
Superior,  and  two  on  Lake  Michigan.  At  each  port  there  are  from 
one  to  five  docks.  The  docks  themselves  range  from  500  to  2,500 
feet  in  length.  All  the  docks  combined  have  more  than  5,000  pockets, 
and  arc  capable  of  storing  somewhere  near  830,000  tons  of  ore  at 
one  time.  Attached  to  the  dock,  directly  in  front  of  each  pocket,  is  an 
adjustable  chute,  through  which  the  ore  slides  directly  into  the  hold 
of  a  vessel.  The  lake  vessels  have  numerous  hatches,  so  that  it  is 
possible  to  load  from  several  different  pockets  simultaneously,  and  it 
is  not  uncommon  to  have  a  full  cargo  placed  aboard  one  of  the  largest 
vessels  on  the  Great  Lakes  in  the  space  of  only  three  or  four  hours. 

Vessels  Employed  on   Lake  Traffic. 

The  great  majority  of  the  vessels  employed  in  this  trade  have 
been  built  with  special  reference  to  their  requirements.  They  have 
usually  rounded  ends,  and  arc  unprovided  with  a  deck  on  the  main 
deck  beams  in  the  cargo  holds.  At  the  extreme  forward  end  of  the 
boat  are  the  bridge,  mast,  and  deck-house,  while  the  propelling 
machinery  is  crowded  as  far  aft  as  possible,  an  arrangement  resorted 
to  in  order  to  provide  the  greatest  possible  number  of  hatches  through 
the  central  portion  of  the  boat. 

The  fleet  of  ore-carrying  vessels  is  divided  between  steamers  and 
barges,  the  latter  designed  to  be  towed  by  the  former.  The  steamers 
can,  by  the  utilisation  of  improved  steam  towing  machines,  tow  one, 
and  frequently  two,  of  these  barges,  and  on  occasions  upwards  of  20,000 
tons  of  ore  have  been  moved  the  whole  distance  down  the  lakes 
by  one  engine,  the  entire  trip  being  made  at  an  average  of  13  miles 
per  hour. 

The  steel  steamer  Matoix,  of  the  Minnesota  Steamship  Company's 
fleet,  represented  in  1 890  the  largest  type  of  carrier  on  the  Great  Lakes. 
Her  registered  tonnage,  gross,  is  2,311,  and  she  is  290  ft.  long.  40  ft. 
beam,  and  21  ft.  depth  of  hold.  The  draught  of  water  through  con- 
necting channels  of  the  lakes  in  1890  averaged  15  ft.  6  in.,  and  on 
that  draught  the  Matoas  average  cargo  of  ore  was  about  2,500  gro.ss 
tons.     The  average  loading  time  at  upper  lake  ports  for  such  a  vessel 
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as  the  Matoa  in    1890  was  about   15  hours,  and  the  average  time  at 
Lake  Erie  ports,  unloading,  about  36  hours. 

The  John  Jr.  Gates  is  one  of  the  largest  type  of  lake  freighters  to- 
day. The  J,  J.  Hilly  William  Edenborrty  and  Isaac  Z.  Ekuood  are  vessels 
that  are  in  all  respects  similar  to  the  Gates,  The  Gates  is  about  500  ft. 
length.  Her  beam  is  52  ft,  depth  of  hold  30  ft.,  and  gross  tonnage 
5,085.  Her  average  cargo  is  practically  7,000  gross  tons  on  a  draught 
of  17  ft.  10  in.,  the  loading  time  is  15  to  26  hours,  and  the  average 
unloading  time  about  43  hours. 

Work  done  by  Vessels, — In  the  season  of  1900,  357  vessels  engaged 
in  the  lake  ore  trade,  each  in  a  single  trip  only,  carried  a  total  of 
1^22,000  tons;  one  vessel,  the  Jolin  IV,  Gates,  carried  8,462  tons  as 
a  single  cargo.  Another,  the  Presque  Isle,  carried  195,550  tons  in  the 
course  of  the  season  ;  another,  the  Troyy  ran  45,318  tons  during  the 
season  ;  while  another,  again  the  John  W,  Gates,  made  in  the  same 
period  over  154^  million  ton-miles.  In  one  single  day  of  1900,  219,364 
freight  tons  were  loaded  into  1 27  vessels  at  Lake  Superior  ports. 

Up  to  1884,  the  tonnage  of  sailing  ships  on  the  Great  Lakes  was 
greater  than  that  of  steamers.  Four  years  later  the  relative  proportion 
of  steamers  had  greatly  increased,  having  taken  a  leap  of  90,000  tons, 
or  more  than  23  per  cent,  in  a  single  year.  By  1890,  the  steamers  had 
reached  a  tonnage  twice  as  great  as  that  of  the  sailers,  and  by  1898, 
they  had  further  increased  to  just  about  three  to  one.  Meanwhile,  the 
size  of  the  vessels  employed  in  both  categories  had  greatly  increased. 
Between  1888  and  1898,  the  average  capacity  of  steamers  on  the  lakes 
had  grown  from  350  to  560  tons,  and  there  had  been  an  almost 
corresponding  increase  of  size  in  the  sailing  ships  employed,  the 
average  of  which,  however,  was  materially  less. 

Lake  Freight  Rates. — In  the  statistical  monthly  summaries,  issued 
by  the  United  States  Government  in  1901,  some  interesting  informa- 
tion is  given  as  to  lake  rates  (p.  1745),  from  which  it  appears  that 
in  the  ten  years  ended  1900,  the  average  daily  freight  rates  were,  per 
gross  ton  :  — 

90  cents  from  head  of  Lake    Superior  to  Ohio  ports. 
79      „         „      Marquette  to 
64^    „         .,      Kscanaba  to 


V 

)) 


against   corresponding  averages,    for    1898,   of   508    cents,   610   cents, 
and  59*8  cents. 

The  ten-yearly  averages  for  the  transport  of  coal  from  Ohio  ports  to 
I^ke  Superior  ports  for  the  same  periods  were,  in  cents  : — 

Average  of  Average  of  Average  of 

Ohio  Ports  to  10  years.  1898.  19CO. 

Duluth       37     234       402 

Milwaukee  ...     47     278     45*4 

Kscanaba —     264      ...         ...     40*0 

The    variations    to    which    lake    freights    are    subject    appear    in 
the  foregoing  figures. 
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Cost  of  Water  Transport. 

"  The  report  of  Governor  Roosevelt's  Committee  on  the  New  York 
State  Canals  has  the  following  remarks  on  the  cost  of  water  transport : — 

"  The  possibilities  of  water  navigation  are  illustrated  by  the  rates 
prevailing  on  the  Great  Lakes.  The  average  rate  on  all  traffic  through 
the  St.  Mary's  Falls  Canal  in  1898  was  79  mill  (about  one  twenty- 
fifth  of  a  penny)  per  ton-mile.  This  includes  some  proportion  of 
high  grade  package  freight ;  and  on  the  bulk  commodities  the  rates 
are  still  lower.  The  average  rate  on  wheat  from  Duluth  to  Buffalo  in 
1898  was  2  cents  per  bushel,  and  from  Chicago  to  Buffalo  1*5  per 
bushel,  equal  to  f  of  a  mill  (one-thirtieth  of  a  penny)  per  ton-mile. 
The  rate  on  iron  ore  from  Lake  Superior  to  Ohio  ports  was  60  cents  a 
ton  or  i  mill  (one-eightieth  part  of  a  penny)  per  ton-mile.  Grain,  ore, 
and  lumber  form  the  east-bound  traffic  on  the  lakes ;  for  west-bound 
ships  the  most  important  freight  is  coal,  which  is  carried  at  rates  much 
lower  than  those  mentioned,  averaging  in  1898  from  25  to  30  cents  per 
ton  for  the  entire  distance  from  Ohio  ports  to  Duluth,  or  25  to  '3  mills 
per  ton-mile. 

"  Long-distance  freights  on  the  ocean  are  as  low,  and  in  some  cases 
lower,  than  rates  on  the  lakes.  Between  Havre  and  New  York 
(3*596  miles)  the  wheat  rate,  with  of  course  variations,  is  about  3*00  dols. 
per  ton,  or  '84  mills  (r,'-  d.) ;  but  from  New  Orleans  to  Havre  (5,332  miles) 
the  rate  is  340  dols.  per  ton, or  64 mills  (g^d).  Coal  is  carried  between 
Havre  and  Valparaiso  (9,920  miles)  for  367  dols.  per  ton,  or  '37  mills 
(.^fjd.).  Wheat  is  carried  from  San  Francisco  to  Europe  (15,500  miles)- 
for  500  dols.  per  ton,  or  about  '3  mills  (y^.).  English  coal  on  return 
trips  is  carried  for  320  dols.  per  ton,  or  '2  mills  (y^^d.).  Wheat  from 
Bombay  to  Marseilles  is  carried  for  an  average  rate  of  3*50  dols.  per 
ton,  and  coal  from  Cardiff  to  Bombay  (6,273  miles)  at  2*90  dols.  per 
ton,  or  '46  mills  d^jd.)  Wheat  is  carried  from  Bombay  to  London  and 
Continental  ports  for  360  dols.  per  ton,  or  "6  mills  (-i'^d.)."* 

The  lake  freight  is,  however,  subject  at  times  to  violent  fluctuation, 
as  will  be  seen  from  the  following  table,  from  which  it  appears  that  in 
1899,  the  average  daily  rates  of  freight  within  twelve  months  increased 
by  more  than    100  per  cent. 

Average  Dailv  Rates  of  Frkight  on  the  (jREat  Lakhs,  per  CiROSs  Ton^ 

1898. 
Iron  ore  :  Cents. 

Escanaba  to  Ohio  ports 508     ... 

Head  of  Lake  Superior  to  Ohio  ports...     6ro 
Marquette  to  Ohio  ports  598     ... 

A    recent    United    States    Government    Report    has 
additional  remarks  on  this  subject  : — 

**  The  low  cost  of  moving  freight  on  the  Great  Lakes  has  been  one  of 
the  prime  factors  in  attracting  attention  to  the  economic  advantages 
of  this  transportation  route.  At  no  time  have  the  railroads  been 
enabled  to  carry  raw  material  between  the  upper  and  lower  lake  ports 
or  vice  versa  at  rates  less  than  double  those  made  by  the  vessel  men — 
that   is,  with   a  season's  average  taken  as  a  basis  for  comparison,  and 

•   Oieafi    Freight   Rates,   by   R.  L.   Corlhell. 
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during  a  majority  of  the  years  comprising  the  closing  decade  of  the 
century,  the  average  cost  of  moving  a  ton  of  freight  a  mile  by  lake 
vessel  ranged  from  one-third  to  one-fourth  the  tariflT  for  similar  service  on 
either  one  of  the  two  leading  trunk-line  railways  paralleling  the  Great 
Lakes. 

**  Carrying  charges  on  the  Great  Lakes  have  fluctuated  to  such  an 
extent  from  year  to  year  that  it  is  only  by  comparing  the  rates  which 
have  prevailed  during  a  period  of  years  that  an  adequate  idea  of 
transportation  costs  may  be  gained.  Thus  in  1900  average  lake  freight 
rates  were  higher  than  in  1896,  1897,  or  1898,  not  because  of  any 
unusual  amount  of  freight  to  be  moved,  but  by  reason  of  the  fact  that 
such  was  the  expectation  of  a  phenomenal  demand  for  tonnage  that 
charters  for  vessels  were  entered  into  months  before  the  opening  of  the 
season,  at  prices  which  were  greatly  in  excess  of  those  which  prevailed 
in  the  open  market  later.  For  instance,  whereas  ore-carrying  contracts 
were  made  near  the  close  of  1899,  covering  the  entire  navigation  season 
of  1900,  on  the  basis  of  1*25  dols.  a  ton  for  a  haul  from  the  ports  at  the 
head  of  Lake  Superior  to  ports  on  the  south  shore  of  Lake  Erie,  the 
*  wild  *  or  daily  rate  which  prevailed  after  the  vessels  went  into  commis- 
sion averaged  less  than  85  cents  per  ton.  However,  as  has  been  stated, 
the  prices  at  which  season  contracts  were  made  were  sufficient  to  bring 
the  average  rate  from  each  port  above  the  figure  prevailing  during  the 
three  years  previous.'* 

During  my  sojourn  at  Philadelphia  I  had  the  opportunity  of  an 
interesting  conversation  with  Mr.  F.  J.  Firth,  manager  of  the  Erie 
and  Western  Transportation  Company,  who  is  an  authority  on  the 
water  communications  between  the  Great  Lakes  and  the  sea-board. 
"  It  is  hardly  30  years,"  he  said,  **  since  it  was  unusual  to  have  a  vessel 
carrying  1,000  tons  of  minerals  on  the  Great  Lakes,  whereas  now 
7,000  to  8,000  tons  is  the  capacity  provided  for  in  new  craft."  In 
New  York  State  it  has  been  proposed  to  deepen  the  Eric  canal  from 
Buffalo  to  the  navigable  waters  of  the  Hudson,  .so  that  it  shall  be 
possible  to  take  through  barges  capable  of  carrying  1,000  tons. 

From  what  Mr.  Firth  said,  I  gathered  that  one  of  the  most  im- 
portant transportation  movements  of  the  present  and  the  future  is 
that  promoted  by  the  National  Rivers  and  Harbours  Congress,  which 
is  an  annual  gathering  of  representatives  of  the  various  industrial 
centres  interested  in  cheap  freights,  and  which  aims  at  having  the 
physical  conditions  of  lakes,  rivers,  canals,  and  other  waterways  so 
improved  as  to  cheapen  and  facilitate  the  conditions  under  which 
heavy  traffic  is  carried,  in  competition  with  railway  transport. 

In  Mr.  Firth's  opinion,  the  terminal  facilities  at  the  leading  British 
ports  are  not  nearly  so  good  as  the  arrangements  made  for  the 
handling  of  traffic  at  such  ports  as  Cleveland  and  Conneaut,  on  Lake 
Erie.  In  proof  of  this  he  declared  that  he  knew  of  no  case  in  England 
where  there  were,  as  at  Conneaut,  hydraulic  lifts  that  would  pick  up 
10  tons  at  each  lift  from  the  vessel's  hold,  and  in  three  minutes  deposit 
it  in  a  car  alongside.  I  did  not  argue  the  point,  although  I  am  well 
aware  that  Sir  William  Lewis  could  have  given  a  very  good  account 
of  the  facilities  provided  at  Cardiff,  and  Mr.  George  (;ibb  of  those  at 
Tyne  Dock,  for  similar  operations. 
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C— RIVER   TRANSPORTATION. 

Hitherto,  with  their  immense  system  of  lakes,  their  considerable 
system  of  canals,  and  their  universal  system  of  cheap  railroad  transport, 
the  opportunities  for  using  river  transport  have  not  been  utilised  to 
anything  like  the  extent  that  might  have  been  expected  in  the  United 
States,  except  where  coal  traffic  is  carried  on  the  Ohio,  Mississippi,  or 
other  rivers  for  the  supply  of  towns  on  the  route.  But  there  is  good 
cause  to  suppose  that  in  the  not  distant  future,  river  transport  will  play 
a  much  more  important  part  in  the  industrial  development  of  that 
country  than  it  has  yet  done,  and  not  least  so  in  the  southern  States. 
There  the  Kanawha  River  has  already  been  considerably  improved,  and 
arrangements  arc  now  bcm^  inade  to  utilise  more  effectively  the  Coosa 
River,  with  a  view  to  getting  cheaper  access  to  the  sea. 

The  feasibility  and  necessity  of  connecting  the  waters  of  the 
Tennessee  River  with  those  of  the  Gulf  of  Mexico,  by  utilising  the 
Warrior  or  Coosa  and  Alabama  Rivers,  had  for  years  been  the  subject 
of  discussion  both  in  Tennessee  and  in  Alabama.  In  1875  the  War 
Department  caused  Major  McFarland  to  make  a  survey  of  a  route  from 
near  Guntersville  on  the  Tennessee  to  a  point  near  Gadsden  on  the 
Coosa.  Another  survey  was  made  in  1898,  by  Mr.  Joseph  Ripley,  an 
expert  on  waterways,  who  had  something  to  do  with  the  project  from 
his  connection  with  the  Sault  Ste.  Marie  Canal,  and  whose  report  came 
as  a  revelation  even  to  those  who  for  years  had  ho|)ed  and  believed  in 
a  general  way  that  the  project  was  feasible  and  practicable.  The 
erection  of  locks  and  dams  was  suggested,  and  the  scheme  was  recom- 
mended as  a  matter  of  the  greatest  national  importance.  The  Secretary 
of  War  approved  this  report,  and  in  his  Annual  Report  to  Congress  in 
1899.  recommended  that  the  work  be  done.  Its  importance  has  attracted 
widespread  attention  not  only  in  the  south,  but  in  the  financial  centres 
of  the  east  and  among  manufacturers  all  over  America,  who  believe  it  is 
wise  and  far-sighted  to  help  southern  coal,  iron  and  steel  to  go  abroad, 
leaving  largely  the  home  markets  to  the  northern  and  eastern  manu- 
facturer and  producer. 

Mr.  James  Bowron,  of  the  Tennessee  Coal,  Iron  and  Railroad 
Company,  whom  I  had  the  pleasure  to  meet  in  Birmingham  (Ala.), 
stated,  in  July,  1900,  that  the  Government  Engineer  had  estimated  the 
cost  of  transportation  of  coal  and  iron  by  the  Warrior  River  and  the 
slack  water  navigation,  thence  to  Birmingham,  as  one-fourth  the  cost 
of  its  transportation  by  rail,  or  say  2^^-  P^'"  ^^'^  pcr  mile,  as  against 
an  average  rate  of  ^d.  per  ton  per  mile.  Prior  to  the  expansion 
in  prices  of  iron  in  1900,  the  export  movement  from  the  Birmingham 
district  had  attained  a  volume  of  over  200,000  tons  per  annum. 
Allowing  50  cents  from  Birmingham  to  Mobile  as  the  cost  of  trans- 
portation, Mr.  Bowron  expressed  the  opinion  that  this  volume  of  export 
shipments  of  iron  and  steel  products  could  be  doubled  if  50  cents  per 
ton  could  be  saved  in  the  transportation  from  Alabama  to  the  Gulf, 
and,  moreover,  that  in  addition  to  the  present  limited  export  trade  in 
coal,  with  such  a  saving  a  million  tons  per  annum  could  be  added  to 
export  sales  of  coal.  He  also  thought  it  certain  that,  with  the  com- 
pletion of  this  canal  and  transportation  at  50  cents  to  Mobile,  Birmingham 


TRANSPORTATION   SYSTEMS  AND  CONDITIONS.  Ill 

district  would  have  control  of  the  coal  trade  available  on  the  Pacific 
coast  between  San  Francisco  and  Valparaiso,  after  the  construction  of 
an  isthmian  canal,  as  it  would  be  able  to  place  steam  coal  f.o.b.  at 
Mobile  at  a  lower  price  than  similar  coal  costs  to-day  f.o.b.  ship  at 
English  ports. 

These  are  possibly  only  dreams,  but  the  dreams  of  American 
pioneers  have  a  habit  of  being  fulfilled,  and  there  is  a  considerable 
amount  of  enterprise  and  determination  at  the  back  of  the  proposal 
to  give  Alabama  and  one  or  two  other  southern  States  access  to  the  sea 
at  a  less  rate  than  many  districts  of  Great  Britain,  and  at  one-fourth 
of  the  rates  that  the  freighters  of  the  other  and  greater  Birmingham 
have  to  pay,  although  only  about  one-third  of  the  distance. 

D.— CANAL    TRANSPORTATION. 

The  interest  which  is  being  taken  in  the  United  States,  and 
especially  in  the  State  of  New  York,  on  the  conditions  of  the  improve- 
ment and  fuller  employment  of  canals  and  other  waterways  as  a  check 
on  railway  charges,  suggests  the  old  question  of  whether  it  would  not 
be  possible,  by  a  similar  movement,  to  help  the  coal  and  iron  trades  of 
the  United  Kingdom.  It  would  be  out  of  place  to  do  more  than  merely 
make  the  suggestion  here,  owing  to  the  magnitude  of  the  issues  involved; 
but  I  may  at  least  point  out  that  in  several  able  letters  published 
in  the  Manchester  Guardian  in  1901  and  1902,  Mr.  George  Cawley,  of 
Westminster,  consulting  engineer  to  the  Japanese  Government  Rail- 
ways, points  out  that  at  present  the  expenditure  on  our  canal  system 
as  a  whole  is  about  70  per  cent,  of  the  receipts  ;  that  the  average  cargo 
per  boat  is  not  more  than  40  tons  ;  that  horses  arc  still  generally 
engaged  in  haulage  at  a  quite  unnecessarily  high  cost  ;  that  if 
the  canal  companies  had  their  boats  hauled  electrically,  no  difficulty 
need  occur  in  using  any  size  of  boat  within  the  limits  of  any  given 
canal ;  and  that  haulage  of  either  large  or  small  boats  could  be  carried 
out  at  approximately  half  the  present  cost.  Surely  this  is  a  matter 
deserving  the  consideration  of  the  British  trader. 

According  to  a  Report  recently  issued  by  the  New  York  Chamber 
of  Commerce,  the  rates  "  charged  on  high-grade  traffic  from  New 
York  to  Chicago  are  from  5*1  to  153  mills  (jd.  to  |d.)  per  ton-mile  ; 
while  on  the  shorter  hauls  to  New  York  State  points,  the  sixth-class 
rate  is  from  6  to  12*5  mills  (Jd.  to  |d.;  per  ton-mile,  and  the  first-class 
rate  from   177  to  31  mills  (SSd.  to  I'SSd.). 

"  At  present  railroads  carry  most  of  this  high-class  freight  in  the 
face  of  much  lower  canal  rates,  on  account  of  their  better  facilities 
for  handling  and  delivering  package  goods — due  in  part  to  advantages 
inherent  in  the  railroad,  and  in  part  to  the  advantages  of  large  cor- 
porations over  the  small  canal-boat  owners.  Nevertheless,  the  poten- 
tial competition  of  the  canals  secures  lower  rates  for  this  traffic  than 
exist  where  there  is  no  canal  competition  possible.  The  rates  on  high 
grade  freight  from  New  York  to  competitive  railroad  points  in  Penn- 
sylvania are  from  10  per  cent,  to  35  per  cent,  higher  than  to  points 
on  the  canals  a  corresponding  distance  from  New  York.  Buffalo  and 
Pittsburg  are  at  almost  equal  distances  by  rail  from  New  York  ;    yet 
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the  rates  are  to  Buffalo  on  sixth-class  goods  13  cents,  to  Pittsburg 
15  cents  per  100  lbs.;  on  first-class  goods,  rates  to  Buffalo  are  39 
cents,  to  Pittsburg  45  cents  per  100  lbs.  Similar  differences  exist  in 
the  rates  to  Albany,  Utica,  Rome,  Syracuse,  and  Rochester,  as  com- 
pared with  those  of  Reading,  Wilkesbarrc,  Harrisburg,  and  Altoona, 
the  only  explanation  of  which  is  the  existence  of  the  canal  route 
across  New  York  State." 

K.— OCEAN     FREIGHTS. 

Mr.  C.  M.  Schwab  informed  us  that  quite  recently  the  Carnegie 
Works  had  shipped  steel  from  New  York  to  Glasgow  at  9s.  per  ton, 
and  billets  from  New  York  to  Liverpool  at  6s.  6d.  per  ton,  while 
plates  had  been  shipped  to  Belfast,  including  transhipment,  at  i8s. 
per  ton.  These  freights  had  enabled  them  to  deliver  billets  in 
Birmingham  at  i8i  dols.  {£i  17s.  2d.)  per  ton.  From  other  sources 
I  learned  that  Valley  iron  (made  within  60  miles  of  Pittsburg)  had 
been  landed  at  Liverpool  for  less  than  12s.  per  ton,  including  freight 
to  tide-water,  while  a  good  deal  of  the  iron  made  in  Alabama  has 
been  carried  across  the  ocean  at  exceedingly  low  rates  of  freight, 
down  to  3s.  to  5s.  per  ton,  but  in  such  cases  the  iron  has  been  treated 
as  ballast.  It  is  almost  certain  that  the  future  of  ocean  freights  will 
be  affected  by  the  recent  combination,  or  so-called  conference,  of 
Atlantic  shipping  companies.  The  statement  is  made  that  these 
companies  have  agreed  to  raise  freight  rates  all  round  from  20  per 
cent,  to  40  per  cent.  Of  course,  the  ocean  tramp  will  still  be  avail- 
able, and,  being  outside  the  conference,  will  probably  cut  conference 
rates,  but  there  is  no  likely  need  for  him  to  make  substantial  cuts 
in  order  to  get  business,  and  a  shipping  conference  has  an  awkward 
way  of  getting  shippers  in  their  power  by  a  system  of  rebates,  of 
which  a  large  part  is  kept  in  hand,  and  is  given  conditionally  on  the 
trader  shipping  all  his  consignments  by  a  particular  line. 


SECTION   VI. 


CHAPTER  IX. 

The  Costs  of  Producing  Iron  and  Steel  in  the  United 

States. 


Pis:- Iron. 


There  is  no  matter  affecting  the  production  of  iron  and  steel,  or,. 
indeed,  of  any  other  product,  in  respect  of  which  there  is  so  much 
liability  to  confusion  and  error  as  the  cost  of  manufacture.  The  costs 
of  one  period  are  not  those  of  another.  No  two  districts  have  precisely 
the  same  range  of  costs.  Probably  there  are  hardly  any  two  works  that 
will  show  the  same  cost-sheets.  The  conditions  that  affect  the  variations 
of  cost  of  manufacture  differ  from  day  to  day,  so  that  nearly  all 
attempts  to  fix  definite  data  on  this  matter  are  more  or  less  elusive. 
And  yet  the  ascertainment  of  such  costs  is  fundamental  in  any  inquiry 
into  the  comparative  and  competitive  circumstances  of  national 
industries. 

What,  again,  is  the  true  and  permanent  basis  of  such  an  inquiry  ? 
In  the  United  States  there  is  naturally  a  considerable  difference 
between  the  cost  at  which  a  concern  like  the  Steel  Corporation  can 
produce  and  sell  its  finished  products,  and  that  of  the  rival  enterprises 
that  are  not  similarly  situated  in  relation  to  supplies  of  raw  material, 
labour,  facilities  of  transport,  and  other  essential  conditions.  The 
enterprise  that  is  founded  on  ample  supplies  of  cheap  raw  material^ 
is  likely,  other  things  being  equal,  to  produce  more  cheaply  than  its 
rival,  which  has  to  purchase  its  raw  material  in  the  open  market. 
The  former  can  rely  on  more  or  less  stable  conditions  of  cost.  The 
latter  is  liable  to  great  variations  of  cost  from  time  to  time,  following  on 
fluctuations  in  current  market  values. 

As,  however,  the  majority  of  the  iron  and  steel  manufacturing 
concerns  in  the  United  States  possess  their  own  mines  and  quarries, 
and  are  thus  more  or  less  independent  of  outside  supplies,  it  will 
probably  be  better,  in  dealing  with  costs  of  production,  to  assume  the 
command  of  the  necessary  raw  materials  at  prime  cost. 

The  As«einblas:e  of  Materials. 

It  is  of  interest  to  recall  the  fact  that  in  the  year  1876  Sir 
Lowthian  Bell  made  a  Report  on  the  Centennial  Exhibition  at  Phila- 
delphia,  which  had  a  certain  amount  of  vogue  at  that  time,  in  the 
course  of  which  he  computed  the  cost  of  assembling  the  raw  materials 
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per  ton  of  pig-iron  at  the  blast  furnaces  of  the  principal  iron-making 
districts  at  the  following  figures  : — 


Coal. 

Iron  Ore. 

Limestone. 

Total. 

C    s.    d. 

C    »•    d. 

s.    d. 

£,     s.    d. 

Pittsburg 

039 

I    10     0 

I     6 

I   »5     3 

Cleveland 

0   II      9 

I      2     6 

I     9 

I   16    0 

Chicago             ... 

I     3     0 

I       2      0 

I     6 

266 

Alabama 

030 

050 

I     6 

096 

Lehigh  Valley  ... 

082 

0    12      0 

I     0 

I     12 

Harrisburg 

0  10     2 

0    10     0 

0    9 

I     0  II 

In  every  one  of  these  cases,  except  Alabama,  the  cost  of  assemblage 
of  raw  materials  was  greater  in  the  United  States  than  in  any  district 
of  Great  Britain. 

In  the  same  Report  it  is  stated  that  the  cost  of  Lake  Superior  iron 
ore  at  the  mine  was  then  15s.  to  17s.  per  ton,  that  the  largest  quantity 
of  ore  obtained  in  any  one  year  was  a  little  over  a  million  tons,  and 
that,  "  there  are  those  in  the  district  who  say  not  only  that  this  cannot 
be  exceeded,  but  that  unless  fresh  discoveries  are  made  there  will  be  a 
sensible  diminution  in  a  very  few  years  of  the  first-class  ores." 

Some  of  the  iron-masters  of  that  time,  who  deemed  a  million  tons 
a  year  to  be  the  maximum  output  of  the  Lake  Superior  mines,  have 
lived  to  see  those  mines  produce  more  than  20  million  tons  a  year, 
but,  of  course,  under  very  different  general  conditions. 

A  glance  at  the  section  of  this  Report  which  deals  with  transporta- 
tion will  show  how  enormously  the  conditions  have  changed  in  the 
interval — so  much  so,  that  the  total  cost  of  producing  pig-iron  is  now 
in  probably  a  good  many  cases,  and  certainly  in  some,  less  than  the  cost 
of  assembling  the  materials  alone  at  the  time  when  the  above  estimates 
were  framed. 

Progress  between  1880  and  1890. 

For  the  purpose  of  carrying  this  matter  a  little  farther  I  have 
examined  the  Census  Reports  on  the  iron  industry  of  the  United  States 
for  each  of  the  years  1880  and  1890.  An  analysis  of  the  figures  tTierc 
published  shows  that  the  average  cost  of  iron  ore  at  blast  furnaces, 
taking  the  country  as  a  whole,  was  46  dols.  in  1880,  and  37  dols.  in 
1890,  whereas  it  is  not  more  than  3  dols.  at  the  present  time; 
that  the  average  yield  was  4886  per  cent,  of  iron  in  1880  and  54*36 
per  cent,  in  1890  ;  that  the  wages  paid  per  ton  of  pig  made  in  Penn- 
sylvania were  2*4  dols.  in  1880  and  v^  dols.  in  1890,  while  the  average 
output  per  employe  was  143  tons  and  304  tons;  that  in  the  same  State 
the  average  total  cost  of  materials  per  ton  of  pig  was  155  dols.  and 
iri  dols. ;  and  that  the  average  quantity  of  bituminous  coal  and  coke 
used  per  ton  of  coke  pig  in  the  country  generally  was  2  tons  in  1880, 
and  1*4  tons  in  1890. 

Records  of  1889. 

In  1889,  Colonel  Wright  published  the  following  averages  of  eleven 
plants  producing  Bessemer  pig-iron  in  the  United  States  : — 

Average  Raw  Materials  Consumed  Per  Gross  Ton  of  Pig-Iron,  in  Cwts. 

Ore.  Cinder  ami  Scrap,  Limestone.  Coke. 

3 1  36  1-55  1033  2367 
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At  the  same  tiirte  the  cost  per  ton  of  pig-iron  worked  out,  on  an 
average  of  the  eleven  plants,  to  the  following  figures  : — 


Cinder 

Other 

Ore. 

and  Scrap. 

Limestone. 

Coke. 

Labour. 

Charges. 

s.     d. 

s.    d. 

s.    d. 

s.    d. 

s.    d. 

s.     d. 

38    7f 

0  lol 

2      li 

13    5i 

5  loi 

3     4i 

Since  these  figures  were  applicable  to  the  making  of  Bessemer  pig 
there  has  been  a  notable  reduction  in  every  item,  but  chiefly  in  the 
item  of  iron  ore,  due  to  the  subsequent  discovery  of  the  Mesaba  range 
deposits;  in  coke  consumption,  which  in  the  best  practice  has  fallen 
to  about  17  cwt. ;  and  in  labour,  which  has  in  some  cases  been  reduced 
to  less  than  2s.  per  ton  of  pig. 

Twelve  years  ago,  it  was  ascertained  by  the  same  statistical  authority, 
that  the  cost  of  transport  per  ton  of  Bessemer  pig  in  eleven  establish- 
ments in  the  United  States  was  23s.  11  •4d.  (disregarding  fractional  items 
of  coal),  made  up  as  follows  : — 

*  Total 

Transport. 

s.     d. 
16     4*6 
6     4*3 

I       2*5 

It  will  be  noted  that  at  this  time  the  average  ton-mile  rates  over  the 
whole  were  : — 

oi4d.  for  iron  ores, 
o*53d.  for  coke,  and 
o*32d.  for  limestone. 

The  Pittsburg:  District— Past  and  Present. 

In  his  Report  on  the  American  iron  trade  prepared  for  the  special 
volijme  dedicated  to  the  visit  of  the  Iron  and  Steel  Institute  to  the 
United  States  in  1890,  Sir  Lowthian  Bell  gives  the  following  details 
of  the  cost  of  producing  Bessemer  pig  in  Pittsburg  and  Great  Britain 
(West  Cumberland)  at  that  time  : — 


Average 

Average  Distance. 

Rate 
per  ton. 

Description. 

Miles. 

s.    d. 

Iron  Ores 

853 

10     6 

V^OKC      ...            •.. 

113-2 

5     4^ 

Limestone 

86-8 

2    4 

Pittsburg. 

West  Cumberland. 

£   s. 

d. 

£ 

S. 

(!. 

Materials, 

v^i  C     ...                ... 

...     35*8  cwt.,  6,6 

0  II 

li     " 

..     37'ii  cwt. 

8/-   ... 

0 

14 

10 

V'OKC    ...             .*• 

...     21       „       7/9-3 

0     8 

2 

..     2roo    „ 

8/1  li 

0 

9 

4i 

Limestone     ... 

...     10      „       1/4-5 

0    0 

8i     . 

1000    „ 

i/iok 

0 

0 

I'i 

I     0 

6 

I 

5 

2 

Transport, 

Ore,  Lake  Superior     35*8  cwt.,  lO/  li 

0  18 

mm                     •  « 

.    37-11  cwt. 

1/2  ... 

0 

2 

0 

Coke 

...     21         „        53 

0    5 

6      .. 

.     2100    „ 

7/3i 

0 

7 

7i 

Limestone... 

...     10        „        1/8 

0  0 

1  4 

10 
6 

..       lO'OO     „ 

I  - 

m/         •  •  • 

0 

0 

6 

0 

10 

3i 

Labour 

•••                 •••                  ••• 

0     5 

9 

•  •  •                  •  •  ■ 

•  •  • 

0 

t 

9 

Other  Charges 

•■•                 •••                  •«• 

0    3 

0 

»                 •  •  •                  •  •  • 

•  •  • 

0 

2 

oi 

Total 


2  13    9 


Total     ...     2     o    3^ 
I   2 
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It  will  be  observed  that  the  transport  of  materials  amounted  in  the 
case  of  the  Pittsburg  furnaces  to  45  per  cent,  and  in  the  case  of  the 
West  Cumberland  furnaces  to  25  per  cent,  of  the  whole  cost. 

During  the  comparatively  short  interval  that  has  elapsed  since  these 
figures  illustrated  the  comparative  conditions  of  the  two  countries,  great 
changes  have  taken  place.  I  have  already  fully  referred  to  the  dis- 
covery of  the  Mesaba  range  of  iron  ores  on  Lake  Superior,  whereby 
vast  supplies  of  probably  the  cheapest  ores  in  the  world  are  placed  at 
the  disposal  of  the  Pittsburg  iron-master,  at  a  cost  which  is  variously 
stated  to  range  from  is.  to  2s.  6d.  per  ton  at  the  mine.  Improvements 
in  methods  and  plant  have  enabled  the  consumption  of  coke  to  be 
reduced  from  21  cwt.  per  ton  of  pig  to  between  17 J  and  18  cwt.  in 
the  best  practice,  and  the  transport  of  ore  from  the  mines  to  the 
furnaces,  instead  of  being  ids.  i  Jd.  per  ton,  has  been  reduced  to  little 
more  than  half  of  that  figure.  Not  only  so,  but  the  cost  of  labour  at 
the  furnaces  has  fallen  in  the  best  practice  to  an  average  of  not  more 
than  2s.  per  ton,  and  the  cost  of  coke  at  the  ovens  had  in  the  interval 
fallen  to  about  a  dollar  a  ton,  against  almost  double  that  figure  in  the 
above  statement.  On  the  other  hand,  in  the  English  hematite  district 
the  tendency  of  the  cost  of  ore  has  been  to  increase.  The  average 
price  of  the  last  three  years  has  been  between  12s.  and  14s.  instead  of 
8s.  per  ton  at  the  mine,  while  the  average  cost  of  coke  at  the  ovens  in 
South  Durham  has  been  nearer  14s.  than  the  8s.  iiid.  estimated  in  the 
above  figures. 

For  purposes  of  comparison  it  is  of  advantage  to  select  a  more  normal 

year  than   1900,  and  the  beginning  of  1899  may  be  taken    as  such  a 

period.     Mr.  KirchhofTs  figures  show  that,  comparing  the   years  1890 

and  1899,  and  taking  the  former  year  as  a  unit  of  100,  the  following 

differences  have   taken    place  in  the   pig-iron  costs  of  a   typical  blast 

furnace  plant  in  the  State  of  Pennsylvania  : — 

1890.  1^99. 

Product  per  day,  tons  ...                    100  '63*3 

Fuel  per  ton  of  iron,  lbs.        ...         ...         ...  100  97*0 

Ore  per  ton  of  iron,  yield       ...  100  1037 

Limestone  ditto,  lbs.     ...         ...         ...         ...  100  74*5 

Wages  for  labour          ...         ...         ...         ...  100  6ri 

Incidental  and  office  expenses           100  706 

Average  price  of  pig,  at  furnace        ...         ...  100  62*2 

Total  cost  per  ton  of  iron       ...         ...         ...  100  65*8 

Net  profit ...  100  33*9 

From  these  figures  it  will  be  noted  that  in  the  interval  the  price  of 
the  product  had  declined  by  about  38  per  cent. ;  the  net  profit  had 
declined  by  66  per  cent. ;  the  cost  of  labour  by  about  39  per  cent.  ;  and 
the  total  cost  r)f  the  product  had  declined  by  34  per  cent. 

Again,  Mr.  Kirchhoff  has  submitted  the  following  figures  as  to 
percentage  reductions  of  pig-iron  costs  between  1889  and  1898  from 
another  source  :  - 

x^iiiicsLC'ne  ...  ...  ...  ...  ...  ... 

^«  xJiV\Z  ...  ...  ...  ...  ...  ... 

X^c&L/UUi  ...  ...  ...  ...  ... 

ouncirics      ...  ...  .■.  ...         ...         ... 

M  Olill    COSl...  ...  ...  ...  ...  ... 

Average  selling  price 

Net  average  profit  


[889. 

IS98. 

100 

403 

100 

64*  1 

100 

519 

100 

33*4 

100 

634 

100 

6i-2 

100 

47'9 
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Here  we  find  that  in  the  period  1889-98,  the  cost  of  ore  had  fallen 
about  2 1  per  cent. ;  of  limestone,  about  60  per  cent. ;  of  coke,  about 
36  per  cent. ;  of  labour,  about  48  per  cent. ;  and  of  sundries,  about 
66  per  cent. ;  while  the  total  cost  fell  from  100  to  63*4  per  cent  No 
similar  reductions  of  cost  have  been  achieved  in  any  other  country, 
and  certainly  not  in  England,  where  the  cost  of  production  has  rather 
tended  to  increase. 

Existing  Pittsburg  Conditions. 

Early  in  1899,  Mr.  Jeremiah  and  Mr.  Archibald  Potter  Head 
presented  to  the  Institution  of  Civil  Engineers  a  paper*  in  which  they 
computed  the  cost  of  Bessemer  pig-iron  at  Pittsburg  at  32s.  S^d.,  and 
that  of  iron  on  Tees-side  at  S2s.  2d.  per  ton,  showing  a  difference  of 
almost  20s.  per  ton  against  the  North  of  England.  These  figures 
naturally  attracted  much  attention,  and  excited  in  certain  quarters  a 
certain  amount  of  alarm.  In  the  course  of  the  discussion  on  this 
paper,  I  spoke  on  the  conditions  involved  in  these  figures  that  were 
liable  to  fluctuate  from  time  to  time,  and  their  consequent  want  of 
finality. 

Since  then  much  has  happened.  Messrs.  Head  gave  the  cost  of 
Lake  Superior  ore  at  Pittsburg  at  12s.  8d.  per  ton,  whereas  over  the 
last  two  years  its  average  quoted  price  has  been  30  per  cent,  more 
than  that  figure.  They  gave  the  then  price  of  coke  at  works  as  7s. 
per  ton,  whereas  for  the  last  two  years  it  has  averaged  between  9s. 
and  IDS.,  and  so,  mutatis  mutandis^  with  other  items  of  cost.  On  the 
other  hand,  it  is  not  probable  that  British  conditions  have  in  the 
interval  improved  in  any  material  degree.  The  costs  of  1899  remain 
substantially  the  costs  of  to-day,  except  in  so  far  as  they  may  have 
been  modified  by  reductions  in  the  quantity  of  coke  consumed  or  the 
labour  paid  per  unit  of  output. 

The  present  cost  of  materials  for  Pittsburg  Bessemer  iron,  and  the 
approximate  average  of  the  last  three  years,  will  probably  be  near  to 
the  following  mark  : — 

s. 
Mesaba  Ore  ...         ...         36  cwt.  at  14 

Limestone  ...         ...         ...         10    „       „     r 

Total  cost  of  Materials  34    o 

In  these  figures  I  have  adopted  the  prices  at  which  Mesaba  Bessemer 
ores — the  cheapest  in  the  United  States  of  their  kind — have  been  sold 
upon  season  contracts  at  Cleveland  in  the  three  years  ended  1901,  as 
recorded  by  Mr.  Swank,  of  the  American  Iron  and  Steel  Association, 
in  his  admirable  statistical  reports,  and  I  have  taken  the  price  of  coke 
on  cars  at  ovens  at  the  end  of  190 1,  as  recorded  by  the  same  authority. 
To  the  figures  just  quoted  the  transportation  charges  to  be  added  for 
assemblage  at  blast  furnaces  are — 


d. 

s. 

il. 

4 

25 

0 

4 

8 

4 

4 

0 

8 

"to' 


Iron  Ore,  Cleveland  to  Pittsburg  or  Valley  at  4s.  6d.  per  ton. 
Coke,  Connellsville  to        „  .,         „  3s.  „ 

Limestone,  quarries  to        „  „         ,,  lod.  „ 

*  "The  Lake  Superior  Iron  Ore  Mines,  and  their  Influence  upon  the  Production  of  Iron 
and  Steel.'*     •♦Proceedings,"  Part  III.  ;  vol.   137. 


Il8  AMERICAN   INDUSTRIAL  CONDITIONS. 

making  a  total  of  about  lis.  per  ton  of  pig-iron,  and  bringing  Up  the 
total  cost  of  materials  at  furnaces  to  about  45s.  per  ton,  in  cases  where 
raw  materials  have  had  to  be  purchased  at  current  market  prices,  and 
transportation  costs  were  paid  in  the  ordinary  way.  This  is  9s.  6d. 
more  than  the  figure  given  by  Sir  Lowthian  Bell  in  1890  as  the  corre- 
sponding costs  of  West  Coast  Bessemer  pig.  Whether  that  region 
will  again  reach  the  level  thus  given  for  that  year,  or  whether  the 
present  conditions  of  cost  in  the  United  States  arc  likely  to  continue, 
are  matters  that  are  beyond  my  powers  of  forecast. 

The  Southern  States. 

Here  again,  for  purposes  of.  comparison,  it  is  of  advantage  to 
take  a  survey  over  a  number  of  years.  Some  ten  years  ago  the  cost 
of  producing  pig-iron  in  that  region,  as  illustrated  by  the  experience 
of  the  Thomas  furnaces  of  the  Pioneer  Mining  Company,  which  I  had 
the  opportunity  of  examining  in   1901,  was  as  under: — 

Cwt.  s. 

Iron  Ore $^'4^  ^^    4 

Limestone  9*00  at    2 

Coke  ...        30*26  at  11 

Labour      .«. 

Management  and  fixed  charges 

Repairs  and  Stores        

Total     37    9*04 

During  the  next  three  years,  costs  were  much  lowered  owing  to  the 
acute  trade  depression  that  had  come  upon  the  southern  iron  industry^ 
In  1894  Mr.  E.  C.  Pechin  startled  the  iron-making  world  in  the 
United  States,  and  probably  in  Europe  as  well,  by  announcing  that 
in  Alabama  pig  was  being  produced  at  less  than  6i  dols.  per  ton. 
Itemised  cost  sheets  were  shown  him,  and  he  was  permitted  to  use 
the  figures.  The  following  for  one  month,  covering  a  production  of 
12,000  tons  from  two  furnaces,  was  stated  to  fairly  represent  the  work 
over  a  period  : — 


d. 

s. 

d. 

312 

... 

10 

887 

72 

... 

I 

204 

2*40 

.  .  . 

16 

"•34 

... 

... 

7 

777 

... 

... 

0 

389 

... 

... 

0 

iri3 

>st  per  ton— Coke  at  Cost  ... 

■  •  • 

•  •  • 

2-313  dols. 

,,        ,f          vjrcs      ,,        ... 

•  •  • 

•  •  • 

2-147    „ 

„        „          Limestone 

■  •  • 

•  •  • 

0164    „ 

4*624 

Labour 

•  •  • 

•  •  • 

0795      V 

Incidentals     ... 

•  •  • 

■  •  • 

0*940    „ 

»735 

<» 


l» 


6*359 

The  items  making  up  incidentals  were  carefully  noted — 50  cents  for 
renewal,  and  the  balance  covering  oil,  waste,  taxes,  insurance,  office  and 
general  expenses.  For  many  months  all  of  these  items,  including  labour, 
had  not  exceeded  2  dols.  One  reason  for  the  low  labour  cost  was 
stated  to  be  that  there  was  little  double   handling  of  stock. 

In  1 89 1  a  comparison*  was  made  of  the  cost  of  producing  iron  in 
four  prominent  districts  of  the  United  States,  taking,  in  each,  blast 
furnaces   of  nearly    similar    dimensions,    well    located,  managed    and 

*  Report  of  Coniniittee  to  Marquette  Board  of  Trade. 
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equipped.  The  relative  cost  of  the  different  items-  showed  that  the 
expense  for  fuel  per  ton  of  pig-iron  of  similar  character  and  grade 
maide,  was  then  lowest  at  Pittsburg  and  highest  at  Chicago,  whereas 
the  cost  of  ore  per  ton  of  pig  was  lowest  at  Alabama  and  highest  at 
Pittsburg. 

Labour,  per  ton  of  product,  however,  was  reported  highest  in  the 
Birmingham  district,  and  was  lowest  in  the  Pittsburg  and  Chicago 
districts  The  latter  item  was  largely  influenced  by  the  relative  quan- 
tities of  raw  materials  handled,  and  the  output  of  the  furnaces.  It  is 
possible  that  at  the  present  time  the  comparative  items  would  hold 
nearly  the  same  relations  as  in  i^i. 

In  several  of.  the  leading  districts  of  the  United  States,  the  general 
costs  of  producing  pig-iron  are  much  alike.  In  the  neighbourhood  of 
Pittsburg  (Pa.),  Wheeling  (W.  Virginia),  Youngstovvn  (O.),  and 
Cleveland  (O.)  the  cost  of  assembling  the  materials  at  works  will 
differ  very  little  over  the  whole,  so  that  the  chief  items  of  difference 
will  be  the  resources  of  individual  firms  in  respect  of  raw  materials, 
equipment,  management,  methods  and  men. 

The  situation  in  the  southern  States  to-day  is  not  likely  to  bear 
out  the  anticipations  of  those  who  predicted  some  years  ago  that 
Alabama  and  Tennessee  could  make  pig-iron  at  5  J^  dols.  per  ton.  No 
doubt  these  districts  are  remarkably  well  placed  for  supplies  of  raw 
material,  but  they  have  to  deal  with  materials  that  are  not  the  most 
tractable,  and  require  a  good  deal  of  humouring.  The  consumption  of 
coke  per  ton  of  pig-iron  is  half  as  much  again  as  in  the  Pittsburg 
district,  and  labour  is  not  so  easily  handled.  From  several  of  the 
leading  iron-masters  in  Birmingham  (Ala.)  I  learned  that  the  average 
cost*  of  producing  pig-iron  to-day  is  about  8  dols.  (33s.  4d.),  although  it 
was  claimed  that  one,  or  perhaps  two  of  the  smaller  firms,  who  are 
specially  well  placed,  may  produce  it  for  a  dollar  less.  I  should  add 
that  the  new  administration  of  the  Tennessee  Company\s  works  at 
Ensley  have  notified  that  they  intend  to  aim  at  6-dollar  pig  in  their 
scheme  of  reorganisation. 

General  American  and  British  Conditions. 

One  of  the  questions  that  were  submitted  to  us  by  Mr.  Schwab,  in 
an  interv^iew  that  we  had  with  him  in  New  York,  was  this :  **  Assuming 
that  British  works  were  equipped  with  blast  furnaces  similar  and  equal 
to  those  owned  by  the  Carnegie  Company  at  its  best  works,  and  could, 
therefore,  produce  pig-iron  as  cheaply  as  the  Carnegie  furnaces  are 
doing,  what  would  be  the  cost  of  the  materials  at  the  furnaces,  per 
ton  of  pig-iron  ?  " 

This  question  opens  up  the  whole  range  of  problems  that  are  related 
to  the  ultimate  cost  of  pig-iron  production.  These  include  the  cost  of 
the  ore  at  the  mines,  the  costs  of  transport  by  land  and  sea,  dock  and 
harbour  dues,  conditions  of  handling  materials,  and  cognate  matters. 
The  difference  of  having  furnaces  that  produce  on  a  large  scale  against 
furnaces  that  produce  on  a  relatively  small  scale  is  also  material. 

To  begin  with,  the  cost  of  the  sea  transport  of  our  imported  ores  is 
twice  to  three  times  that  of  the  cost  of  conveying  Lake  Superior  ores 
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from  the  mining  regions  to  Lake  Erie  ports,  although  the  distance  is 
not  greatly  different.  The  distance  between  Bilbao  and  British  ports 
is  not  more  than  800  miles,  and  that  distance  has  to  be  covered  by  a 
great  deal  of  the  ore  sent  from  Lake  Superior.  But  the  Lake  Superior 
freight  within  the  last  few  years  has  not  exceeded  50  to  60  cents  (2s.  to 
2s.  5d.)  for  the  whole  distance,  whereas  the  average  rate  of  freight  from 
Bilbao  to  British  ports  is  not  less  than  5s.  per  ton.  We  have  here  a 
difference  in  the  water  freight  alone  of  3s.  to  4s.  per  ton  of  pig-iron, 
assuming  two  tons  of  Spanish  ore  and  i]4  tons  of  Lake  Superior  ore 
to  be  used.  Of  course,  the  Lake  Superior  ore  has  usually  to  break  bulk 
twice,  and  has  to  perform  a  railway  journey  varying  from  150  to  250 
miles,  taking  both  ends  into  account,  whereas  the  Spanish  ore  for 
British  consumption  has  usually  a  railway  journey  of  only  a  few  miles 
at  each  end,  and  in  some  cases — as  in  that  of  Bolckow,  Vaughan  & 
Company's  wharf,  on  the  Tees — is  delivered  by  ship  at  the  works. 

In  the  conditions  of  the  transport  of  fuel  there  is  not  usually  such 
a  difference  against  the  British  situation,  so  far  as  the  cost  of  assembling 
of  materials  is  concerned.  Most  of  the  furnaces  in  and  near  to  Pitts- 
burg are  within  60  miles  of  coke  supplies,  and  some  of  them  are  much 
nearer;  thus  they  are  able  to  cover  at  a  freight  rate  of  50  to  75  cents, 
which  compares  with  a  freight  rate  of  2s.  to  3s.  for  the  transport  of  coke 
from  South  Durham  to  Cleveland.  In  the  case  of  the  Chicago  plants 
the  coke  has  to  be  taken  over  much  greater  distances  at  a  freight  rate 
of  2  to  3  dols.  per  ton,  which  compares  with  the  situation  of  West 
Cumberland  and  North-West  Lancashire,  where  the  coke  freight  is 
between  6s.  6d.  and  8s.  per  ton,  and  with  the  similar  rates  paid  by 
such  districts  as  those  of  Northamptonshire  and  Lincoln.shire. 

There  are  not  many  cases  in  the  United  States  where  the  iron- 
master can  avoid  payment  of  a  more  or  less  considerable  coal  and  coke 
freight  charge — in  other  words,  where  he  has  the  control  of  his  own 
fuel  transport.  Some  of  the  southern  furnaces  are  in  this  happy 
position.  At  Birmingham,  Alabama,  1  saw  coal  mines  and  coke  ovens 
within  half  a  mile  of  the  blast  furnaces  of  the  Tennessee  Coal,  Iron 
and  Railroad  Company,  and  there  are  similar  cases  in  other  parts  of  the 
southern  and  eastern  States.  Speaking  generally,  however,  probably 
three  fourths  of  all  the  iron  works  of  the  United  States  have  to  look  to 
the  public  railway  companies  for  the  transport  of  their  fuel  supplies,  and 
have  only  a  limited  control  over  their  charges.  In  Great  Britain  there 
are,  perhaps,  a  larger  number  of  plants  that  are  carried  on  like  the 
Consett  and  Bestwood  Works  in  England,  Dowlais  and  Ebbw  Vale  in 
Wales,  and  several  others  in  Scotland,  in  the  immediate  neighbourhood 
of  their  fuel  supplies.  The  British  geographical  conditions  are  probably 
more  favourable  than  the  American,  apart  from  the  incidence  of  railway 
charges,  speaking  generally  ;  but,  of  course,  in  both  countries  there  are 
notable  exceptions  to  this  and  to  every  other  general  rule. 

Nor  can  we  find  anything  in  the  price  records  of  the  American 
markets  to  cause  serious  alarm.  One  of  the  staple  and  standard 
products  of  the  American  iron  trade  is  No.  i  foundry  pig,  of  which  the 
lowest  price  in  any  one  year — that  of  the  year  1898 — was  48s.  /d.  at 
Philadelphia.  At  least  los.  per  ton  additional  would  be  required  to 
land  this  iron   on    British  soil,  making  the  price   59s.  jd.     But  Scotch 
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foundry  iron  has  been  sold  in  lai^e  quantities  at  40s.  per  ton,  and  that 
price  can  possibly  be  maintained  with  profit,  under  normal  conditions, 
over  a  protracted  period. 

Much  might  be  said  of  the  conditions,  apart  from  cheap  materials, 
that  enable  American  blast  furnace  owners  to  produce  cheaper  pig. 
Professor  Howe  has  declared  that  the  American  system  of  large 
outputs  "  lowers  the  charges  for  installation,  interest,  taxes  and  insur- 
ance," while  he  denies  that  it "  causes  excessive  wear  and  tear,  or  lessens 
the  life's  work  of  the  machinery  and  plant."  Great  output,  he  points 
out,  is  due  rather  to  shortened  intervals  of  disuse  than  to  rapid  motion. 
The  same  writer  has  suggested  that  rapid  working  permits  a  lower 
average  degree  of  intelligence,  and  thus  a  lower  average  price  of  a  day's 
labour — a  fact  which  he  seeks  to  support  by  quoting  the  case  of  an 
American  Bessemer  plant,  where  52*8  per  cent,  of  the  workmen  were 
wholly  unskilled,  whereas  in  a  Continental  similar  establishment  he 
found  that  only  13  per  cent,  of  the  whole  could  be  classed  as  labourers. 
On  this  interesting  economic  study  I  cannot  stay  to  dwell,  but  I  may 
remark  in  passing  that  Mr.  Andrew  Carnegie  some  years  ago  declared 
that  at  Homestead,  which  has  a  high  reputation  for  quick  working,  the 
average  wage  paid  to  all  workmen,  as  I  have  elsewhere  indicated,  was 
much  above  the  ordinary  labourer's  range. 


Economy  of  Producing:  Steel  between  1890  and  1899. 

Although  the  conditions  and  costs  of  producing  pig-iron  are  the 
controlling  factors  of  supremacy  in  the  iron  industry,  yet  there  is 
much  to  be  said  as  to  the  conditions  under  which  steel  is  pro- 
duced, a  fact  which  is  accentuated  by  the  remarkable  progress  achieved 
by  one  or  two  of  the  leading  steel-producing  firms  in  the  States,  and 
more  especially  by  the  success  of  the  stccl-making  concerns  that  do  not 
attempt  to  either  sell   or  export  pig-iron. 

The  records  of  the  United  States  Census  Office  show  that  the 
average  capital  outlay  per  ton  of  steel  produced  was,  in  Pennsylvania, 
36*4  dols.  in  1880,  and  349  dols.  in  1890;  that  the  average  cost  of 
materials  per  ton  of  finished  product  was  37  dols.  and  26  dols.  ;  that 
the  average  output  per  employe  was  37  tons  and  60  tons ;  and  that 
the  average  wages  paid  per  ton  of  product  was  I2*i  dols.  and 
9*4  dols. 

From  these  facts  it  is  clear  that  the  steel  industry  had  made 
considerable  advances  in  the  ten  years  ending  with  1890.  It  is, 
however,  mainly  since  that  year  that  the  steel  manufacture  has  made 
its  greatest  strides  in  every  direction,  and  it  is  wholly  since  that 
date  that  costs  have  been  so  far  reduced  as  to  enable  the  United 
States  to  compete  with  Great  Britain  and  Germany  in  the  leading 
markets  of  the  world. 

My  friend,  Mr.  C.  Kirchhofif,  in  his  admirable  presidential  address 
to  the  American  Institute  of  Mining  Engineers  in  February,  1899,  gave 
some  valuable  information  as  to  the  wonderful  decrease  that  had  taken 
place  since  the  year  1890  in  producing  steel.  He  showed  that 
practically  the  cost  of  producing  Bessemer  steel  ingots  had  diminished 
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by  about  one-half  between  1887  ^tnd  1898.  The  items  fot  each  of  these 
years  are  appended,  the  figures  for  1898  being  stated  as  percentages 
of  a  unit  of  100  based  on  the  cost  in  1891  : —   . 

1891.  1898. 

Single  turn.  Double  turn. 

Pig-iron  (less  credit  for  cinder,  etc.)        .  63*54  4i'54 

Scrap  (excluding  that  produced)    ir96  6*28 

Spiegel...           12*19  7*89 

Limestone         '24  '20 

Fuel       .  .  1*59  r6o 

oteam     ...         ••*        ***        ...        ...        ..■            '31  *3^ 

General  supplies,  taxes,  etc 3*04  1*81 

Moulds 1*50  •               '45 

Labour 5*63  4*24 

Total  cost  per  ton       ..         ...       loo'oo  64*39 

As  regards  the  costs  of  steel  billets  at  the  present   time  and  in 

the  near  future,  it  is  impossible  to  fix  a  figure  that  can  be  adopted 

as  a  standard.     The  lowest  approximation   I  have  hitherto  met  with 

was  given  some   two   or   three   years   ago    by    the   Iron    Age^  when 

prices  generally  were  much  lower   and   the   general   range   of  wages 

was  under  those  now  and  since  prevailing.     It  is,  however,  just  such 

periods    that   are   mainly  of   interest   to  the  British  iron  trade,  when 

competition    becomes    a    serious    matter.     In    that    estimate    it    was 

assumed  that  the   cost   of  Bessemer   pig   was    10  dds.  per  ton^  and 

that  the  items  of  conversion    into    billets   totalled   4   dols.  75    cents, 

of  which  the  principal  items  were  : — 

Dols. 

15  per  cent,  for  waste  in  conversion 1*50 

Labour  of  all  kinds      ...         ...         ...         ...         ...       I'lo 

Ferro-manganese        ...         ...         ...         ...         ...         '40 

Coal  and  coke  ...         ...         ...         ...         ...         ...         *6o 

IVCIJnllii,  Clv<.  ...  ...  ...  ...  ...  ...  jj 

Limestone,  moulds,  supplies,  etc 'So 

Ilon^  we  have  a  total  estimated  cost  of  6 is.  5d.  per  ton  of  billets. 
At  the  present  time  the  selling  price  of  billets  is  about  120s.  per 
tv^n.  and  the  cost  of  production  given  is  considerably  less. 

A  loading  authority,  speaking  of  March  of  last  year,  thus  summed 

uf.*  the    question    of  steel    costs    at    that  time  : — "  Supposing   molten 

i«v<aI   cv>sts    13*50    dols..    2    dols.   per  ton    additional   will    make   the 

>tr^v*5    c\>st     IS'SO    dols.,    and    i     dol.   additional    will     put   the   ingot 

!ircv*  billets  at  a  cost    of  16*50  dols.    per  ton.      The   present   price  of 

k  :t».    billets    at    Pittsburg     is     about    20*50  dols.,   a    difference   of  4 

v.k»iN.     jvf   ton.      A    modern    merchant   mill    will    convert    these   into 

■Hv*v^Ki«t   bars  for  an  additional  cost  of  3*50  dols.,  which  makes  the 

^**>A  v*t  the  iKirs  20  dols.      The    present    price    of   merchant    bars   at 

■'utvlH*!^    is    j^o   dols.  per   ton,  making    a  difference  of  10  dols.     Or, 

'    "^'ilvxi  itttv>  rvnls  in  a  modern  mill,  3*50  dols.  additional  will  convert 

*Kr    I  iiK  bittcls   into  rods,  making  the  cost   of  these    20   dols.     The 

•*v':<*K   iMK^  v^f  nnls    at    Pittsburg   is    35  dols.,  making    a    difference 
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Some  months  ago,  Mr.  Joseph  Lawrence,  M.P.,  informed  a  British 
audience*  that  he  had  been  informed  by  Mr.  C.  M.  Schwab  that  the 
Steel  Corporation  could  deliver  steel  billets  in  England  at  i6'5o 
dols.  (68/9),  against  £3  19s.  2d.,  which  was  stated  to  be  the  lowest 
price  at  which  they  could  be  produced  at  British  works.  This 
statement  was  startling  enough,  but  its  value  was  seriously  prejudiced 
by  two  important  omissions — first,  that  of  how  far  the  American 
price  carried  a  profit,  if  any  ;  and  the  second,  the  locality  in  which, 
and  the  conditions  under  which,  British  works  were  assumed  to 
compete. 

Taking  it  that  the  cost  of  producing  American  pig-iron  has 
of  late  materially  increased  in  the  main,  the  average  manufacturer  is 
not  likely  to  be  able  to  produce  steel  billets  at  68s.  9d.  per  ton,  the 
price .  named  by  Mr.  Schwab.  But,  even  so,  the  British  rail  manu- 
facturers in  bygone  years  have  produced  and  sold  hundreds  of 
thousands  of  tons  of  rails  for  less  than  that  figure.  I  may  add 
that  within  the  last  few  months  an  important  proposal  has  been 
brought  under  my  notice,  looking  to  the  establishment  of  large  iron 
and  steel  works  in  the  Midlands  on  modern  lines,  where  it  appears 
to  be  probable  that  basic  pig-iron  can  be  produced  for  about  30s.  per 
ton,  and  steel  billets  for  about  67s.  per  ton,  which,  if  realised,  would, 
of  course,  entirely  upset  the  idea  of  a  British  minimum  billet  cost 
of  £3  19s.  2d.  per  ton.  In  the  North  of  England,  I  have  reason 
to  believe  that  an  equally  low  cost  may  be  reached  under  the  new 
conditions  estimated  to  result  from  the  Americanisation  of  some  of 
the  leading  plants. 

*  Address  to  the  Newport  Chamber  of  Commerce,  1901. 


SECTION  VII. 


CHAPTER  X. 

The  Manufacture  and  Treatment  of  Finished 

Steel   Products. 


A.— STEEL  RAILS. 

For  a  number  of  years  the  production  of  steel  rails  was  one  of  the 
principal,  as  it  was  also  one  of  the  earliest  branches  of  that  industry. 
Practically,  this  industry  was  begun  in  the  United  States  in  1867,  when 
the  total  output  was  2,277  tons,  and  the  average  price  in  currency  was 
166  dols.,  or  £24  7^'  lod.,  the  duty  on  imported  rails  at  the  same  time 
having  been  45  per  cent,  ad  val.  Ten  years  later,  the  output  had  risen 
to  385,865  tons  for  the  twelve  months,  and  the  average  annual  price 
was  45*50  dols.  {£g  19s.  6d.)  per  ton,  the  duty  on  imports  being  then 
28  dols.  per  ton.  Ten  years  later  still,  in  1887,  the  output  of  rails  for 
the  first  time  exceeded  two  million  tons  a  year  (exactly  2,101,904  tons) 
the  average  price  for  the  twelve  months  having  been  37*08  dols. 
(£y  14s.  6d.)  per  ton,  while  the  duty  on  imports  was  17  dols. 

In  the  following  thirteen  years,  the  course  of  the  American  rail 
industry  had  been  marked  by  great  fluctuations,  the  output  having 
been  as  high  as  2,361,921  tons  (in  1900)  and  as  low  as  1,016,013  tons 
(in  1894),  while  the  maximum  annual  price  was  32*29  dols.  (in  1900), 
and  the  minimum  (not  annual)  was  17*62  dols.  (in  1898).  In  the  mean- 
time, the  rate  of  import  duty  had  fallen  in  August,  1894,  to  7*84  dols. 
per  ton,  at  which  figure  it  still  remains. 

It  will  be  noted  from  these  records  of  output  and  price — all  given  on 
the  authority  of  the  reports  of  the  American  Iron  and  Steel  Association 
—  that  the  rail  trade  of  the  United  States  is  characterised  by  conditions 
of  "  unstable  equilibrium,"  and  that  even  in  the  period  1 898- 1 900  there 
was  a  difference  of  nearly  100  per  cent,  in  price,  and  in  the  period 
1 894-1900  a  difference  of  more  than  130  per  cent,  in  output. 

Increased  Outputs  of  Steel   Rail   Plants. 

About  1880,  the  rapid  growth  of  the  American  rail  trade,  and  the 
large  outputs  got  from  American  works,  began  to  attract  attention  in 
this  country.  I  therefore  suggested  to  the  Council  of  the  Iron  and 
Steel  Institute — of  which  I  was  at  the  time  the  secretary — that  I  should 
ask  my  old  friend,  the  late  Captain  W.  R.  Jones,  at  that  time  general 
superintendent  of  the  Edgar-Thomson  Steel  Works,  to  prepare  a  paper 
for  the  Institute  on  the  conditions  of  the  American  rail  industry. 
Captain  Jones  readily  responded  to  the  request  for  such  a  paper.*     He 

*  **  On  the  Manufacture  of  Bessemer  Steel  and  Steel  Kails  in  the  United  States."    /onrnai^ 
No.  I,  1 881,  p.  129. 
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showed  in  this  paper  that  in  the  year  1880,  a  pair  of  7-ton  vessels  had 
produced  123,676  tons  of  ingots,  and  100,094  tons  of  rails.  This  was  at 
the  time  regarded  as  phenomenal,  and  almost,  indeed,  as  incredible. 
Captain  Jones  did  not  live  to  see  the  same  works,  with  a  three-vessel 
plant,  produce,  as  they  did  a  few  months  ago,  3,391  tons  of  ingots  in 
twenty-four  hours,  or,  assuming  only  300  working  days,  at  the  rate  of 
over  a  million  tons  of  ingots  per  annum,  while  on  the  same  day 
No.  I  rail  mill  produced  2,181  tons  of  finished  rails,  being  at  the  rate  of 
655,500  tons  in  300  working  days.  Captain  Jones  was  proud  of  his 
record  of  123,676  tons  of  ingots  bloomed  in  a  year,  but  the  correspond- 
ing output  from  one  blooming  mill  has  recently  been  as  much  as  2,980 
tons  in  twenty-four  hours,  or  at  the  rate  of  894,000  tons  in  300  working 
days.  Mr.  E.  Windsor  Richards,  in  the  course  of  the  discussion  on 
Captain  Jones's  paper,  spoke  of  an  output  of  125,000  tons  as  so 
enormous  that  he  saw  little  probability  of  attaining  it  in  England, 
and  yet  the  rate  of  output  had  advanced  to  six  times  that  of  the  earlier 
period  within  twenty  years. 

When  I  visited  the  Edgar-Thomson  Steel  Works  in  1890,  the  best 
rail-making  record  attained  up  to  that  time,  and  one  of  which  Mr.  C.  M. 
Schwab,  the  then  superintendent,  was  very  proud,  was  1,417  tons  of 
rails  per  day,  and  7,222  tons  per  week.  When  I  paid  my  second  visit 
to  the  same  works  in  October  of  190 1,  the  best  records  had  been 
3*495  tons  of  ingots  from  four  15-ton  converters,  and  2,914  tons  of 
finished  rails,  in  the  twenty-four  hours.  The  latter  output  was  got  from 
two  rail  mills — one  used  for  heavy,  and  the  other  for  light  sections. 

This  improved  output  is  largely  a  function  of  accelerated  methods 
of  handling  materials,  whereby  in  the  converting  department  they  are 
often  able  to  get  120  to  125  blows  in  the  twelve  hours  from  three 
converters,  121  blows  having  been  the  record  for  the  night  previous  to 
my  visit. 

In  the  interval  much  has  been  done  to  economise  the  methods  of 
production,  although  in  1890  the  system  generally  adopted  at  these 
works  was  r^arded  as  the  best  then  known.  All  the  plant  used  for  the 
strippers,  soaking  pits,  etc.,  is  electric,  except  the  tongs  used  to  lift 
the  ingots,  and  these  are  worked  by  compressed  air.  The  ingots  are 
cast  on  cars,  there  being  two  moulds  to  each  car,  and  30  to  50  moulds 
in  a  train.  In  handling  the  ladles,  the  cranes  arc  designed  to  handle 
two  at  a  time.  An  ingot  is  bloomed  in  30  to  40  seconds,  in  seven 
passes.  In  another  mill — a  three-high  blooming — nine  passes  are 
usual.  Rails  are  rolled  in  lengths  of  90  ft.  An  electric  trolley,  running 
at  a  high  speed,  carries  the  rails  from  the  one  mill  to  the  other.  The 
whole  mechanism,  as  far  as  possible,  is  automatic,  including  a  very 
ingenious  system  of  transfer  from  one  set  of  rolls  to  the  other, 
devised  by  the  chief  draughtsman,  Mr.  E.  Slick. 

Co5t  of  Rail  Production. 

Mr.  J.  Schoenhof  ascertained  that  the  labour  cost  of  producing 
steel  rails  in  Great  Britain,  in  1888,  was  3s.  6d.  for  conversion  ;  8s.  in 
making  rails  from  the  ingots,  and  is.  for  additional  labour.  At  that 
time,  the  cost  of  producing  Bessemer  pig  was  computed  at  1777  dols. 


i8oo 

dols. 

4*oo 

200 

3-04 

•50 
•84 
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in  Eastern  Pennsylvania,  and  iO'83  dols.  in  Middlesbrough  (Eitgland), 
The  details,  as  given  in  an  American  Consular  Report,  were  : — 

Eastern  Middles- 

Pennsylvania,         brough. 

Ore         I  Too  dols.  6*36  dols. 

Limestone         '40   „  '33    „ 

r ucl         ••.         •••         •••         >••         •••  4*5^    V  ^'SS     99 

Labour    ...         1*25    „  79    „ 

(leneral  expenses         ...         *I2    .,  *I2    „ 

Sundries...  '50    „  '48    „ 

Total 1777  dols.        10*83  dols. 

The  same  careful  and  competent  economic  writer  made  an  in- 
vestigation into  the  cost  of  manufacturing  steel  rails  in  Pennsylvania, 
and  found  that  it  was  composed  of  the  following  factors,  as  given 
from  the  mill  account : — 

Cost  of  Manufacturin(;  a  Ton  of  Steel  Rails  in  Eastern  Pennsylvania, 

One  ton  of  pig-iron    ... 

Three  hundred- weight  spiegelcisen 

F  ue  1  •••  •••  •.•  ••*  ••. 

LtfoDOUi  •«•  •>•  •••  >>•  «•• 

ounories        ...  •••  •••  •••  ••• 

Additional  labour  (unexplained) 

Total     ...  ...  28*38  dols. 

In  analysing  the  figures  placed  at  his  disposal,  Mr.  Schoenhof  showed 
that  the  output  of  Bessemer  steel  rails  per  week  in  this  rail  mill  was 
4,500  tons;  the  total  number  of  men  employed,  1,048;  the  output 
of  tons  per  man  employed,  43  ;  the  average  wages  paid  per  day, 
2i7i  dols.  ;  the  labour  cost  per  ton  of  all  employed  in  the  steel  mill, 
3*04  dols.  ;  while  the  tons  of  Bessemer  steel  rails  turned  out  per  week 
in  a  rail  mill  in  England  were  1,500;  the  total  number  of  men  employed, 
600 ;  the  output  of  tons  per  man  employed,  25  ;  the  average  wages 
per  day  5s.  6d.  =  1*33  dols.;  the  labour  cost  per  ton  of  all  employed 
in  rail  mill  was   lis.  6d.  to   12s.  8d.  =  2'8o  dols.  to  308  dols. 

The  same  writer  published  the  following  particulars  of  rail-making 
costs  in  the  United  States  by  the  basic  and  acid  processes  of  Bessemer 
steel  manufacture  :  - 

Hasic  Steel.  Acid  Steel. 

s.     d.  s.  d. 

I '3 1 1  tons  of  pig 43     8i  i ,',.  ton  hematite     ..          ...  49  6 

0141  tons  of  ferro 9  loj  ijcwt.  ferro 6  o 

Fuel 5     4  14  cwt.  coal 5  3 

Labour        10     3  Labour          12  8 

Other  charges        8  10  J 

Total     ...         ...     7S     o  'I'otal 73     5 

In  the  case  of  basic  rails  other  charges  include  lime,  limestone, 
tar,  refractories,  castings,  stones,  and  maintenance.  These  arc  higher  in 
basic  than  in  acid   rails,  but  in  both  cases   the  greater   part   of  such 
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charges    is   oflF-set   by    the    credit  deduction   for  value   of  ends  and 
defectives. 

The  total  cost  of  all  labour  in  producing  a  ton  of  steel  rails, 
including  that  on  raw  materials,  in  1890,  was  given  by  Colonel  Wright 
for  a  number  of  works,  of  w^hich  he  had  obtained  particulars,  at  the 
following  figures  : — 


Transport 

Stores  and 

Lalx)ur. 

of 
Mineral. 

Standing 
Charges. 

Total. 

s.     d. 

S.       (1. 

s.     d. 

s.     d. 

United  States         

48     0 

24     6 

18     0 

90    6 

Great  Britain         

32     5 

17     5 

18     4 

68     2 

Continent  of  Europe 

31     6 

14   10 

15     4 

61     8 

The  labour  cost  of  producing  the  finished  rail  from  the  stage  of 
pig-iron  is  thus  compared  by  the  same  authority  : — 

On  Ingots.  On  Blooms.      On  Kails.  Total. 

5.     d.  s.     d.  s.     d.  s.     <l. 

United  States         10  loi  not  bloomed     10    3  21     i| 

Great  Britain         41  36  6  10  MS 

Continent  of  Europe        ...  40  17  50  10    7 

Hence  it  appears  that  at  this  time,  according  to  the  examples 
given,  the  cost  of  labour  in  the  steel  rail  manufacture  was  about  50  per 
cent,  greater  in  the  United  States  than  in  Great  Britain. 

Hands  Employed  in  American  Rail  Mills. 

When  the  earlier  records  of  converted  blooming  mills  and  rail  mills 
were  brought  under  notice,  there  was  a  general  impression  on  the  part 
of  the  British  rail  manufacturers  that  they  could  only  be  accomplished 
by  overloading  the  works  with  labour.*  One  of  the  speakers,  in 
the  discussion  already  named,  expressed  the  opinion  that  "  there  must 
,be  a  very  large  number  of  men  about  the  pit."t  The  president  of  the 
Institute,  in  closing  the  discussion,  expressed  the  view  that  "  a  greatly 
increased  expenditure  for  labour  and  wear  and  tear  might  not  be  com- 
pensated by  increased  production."! 

I  am  not  able  to  give  the  numbers  of  men  employed  at  the  Edgar- 
Thomson  Works  in  1880,  but  on  the  occasion  of  my  recent  visit  there, 
I  obtained  the  following  list  of  hands  employed  in  the  converting 
department  and  at  the  No.  i  rail  mill. 

In  Converting  Department — 
60  tonnage  men. 
90  men  as  fixed  labour. 
75  men  as  general  labour. 
60  turn  men. 
10  scrap-men,  brakemen,  etc. 


295  men  in  all,  which  is  increased  to  310  by  other  additions. 

*  Journal  of  the  Iron  and  Steel  Imtitiitey  No.  i,  i8ii,  p.  143. 
t  ibid.^  p.  145. 
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At  No.  I  Rail  Mill— 
22  rollmen. 
12  engineers,  etc. 
12  men  working  round  furnaces. 
lo  turn  men,  working  levers,  etc. 
12  clerks  and  recorders. 
7  foremen,  etc. 

75  in  all. 

The  No.  2  rail  mill  employs  a  total  of  30  men. 

By  dividing  the  product  obtained  on  the  recent  occasion  already 
referred  to,  it  will  be  found  that  the  output  per  man  employed  was 
1 1  tons  in  the  converting  department,  and  29  tons  at  the  rail  mill  per 
24  hours. 

The  Morrison -Kennedy  System  of  Treating:  Rails. 

One  of  the  latest  and  most  interesting  improvements  adopted  at 
the  Edgar-Thomson  Works  is  known  as  the  Morrison-Kennedy  system 
of  rail  treatment,  under  which  the  rail,  on  the  way  to  the  finishing 
rolls,  is  arrested  for  a  minute  to  a  minute  and  a  half,  and  is  placed 
on  a  cooling  table,  the  effect  of  which  is  to  cause  a  notable  change 
in  its  granular  structure  and  physical  qualities.  Ordinarily,  in  a  rail 
rolled  at  a  high  temperature,  the  granular  structure  is  large,  but  after 
being  detained  on  a  cooling  table,  as  described,  the  grains  become 
much  more  minute,  with  better  results  under  tensile  and  drop  tests. 
This  new  system  of  treatment  is  now  adopted  at  the  Edgar-Thomson 
Mill  in  all  heavy  rail  contracts,  although  I  was  informed  that  the 
company  make  no  extra  charge  for  the  increased  cost  involved.  Four 
sets  of  rolls  are  used,  against  only  one  set  under  the  ordinary  system. 
The  new  system  is  not  applied  to  light  rails.  In  regard  to  labour, 
one  man  more  is  required  on  each  turn. 

The  rail  mill  at  the  Edgar-Thomson  Works,  as  now  equipped, 
consists  of  three  trains  of  rolls.  In  the  roughing  train,  the  Sloom  is 
passed  forward  and  backward  through  five  passes  ;  it  is  then  run  to 
the  intermediate  or  "  short  *'  rolls,  where  it  is  given  five  passes  in 
the  same  manner.  The  partially  rolled  rail,  which  has  been  elongated 
until  it  is  now  about  90  ft.  in  length,  is  then  run  to  the  special  cool- 
ing table,  which  is  but  a  few  feet  to  the  right  of  the  main  run,  on 
which  the  rails  are  passed,  and  which  affords  an  interval  for  the 
passage  from  the  intermediate  to  the  finishing  rolls,  during  which 
time  every  individual  rail  can  be  brought  to  the  same  temperature, 
this  temperature  being  that  which  has  been  found  to  produce  the 
best  results. 

The  rail  is  carried  by  the  intermediate  rolls  and  delivered  to  a 
special  cooling  table  by  means  of  six  "  dogs  "  or  **  latches "  attached 
to  ropes  connected  with  drums  on  a  common  shaft,  operated  by 
means  of  a  hydraulic  cylinder  and  rack.  Each  of  these  ropes  carries 
a  second  dog,  the  first  set  of  dogs  being  adapted  to  draw  the 
rails  on  to  the  cooling  table  and  to  push  over  all  the  rails  then  on 
the  table,  which  may  amount  to  six  or  more,  while  the  second  set 
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of  dogs  is  arranged  to  draw  one  piece  at  a  time  on  to  the  feed  table 
of  the  finishing  rolls,  thus  avoiding  any  danger  of  two  pieces  at  a 
time  being  carried  forward  to  the  rolls.  After  leaving  the  finishing 
rolls  the  usual  processes  arc  carried  through,  except  that  the  rails  do 
not  need  quite  so  much  curving  in  the  cambering  rolls,  on  account 
of  having  less  difference  of  temperature  between  head  and  flange  than 
would  be  the  case  in  the  ordinary  method  of  rolling. 

The  steel  rolled  at  the  lower  temperature  is  found  to  be  finer 
in  structure,  and  to  give  a  tougher  and  better  wearing  quality.  The 
tensile,  drop,  and  other  tests  also  show  better  results  than  in  the 
same  section  of  rails  rolled  in  the  regular  way. 

The  type  of  three-high  blooming  mill  which  is  illustrated  in 
Fig.  27  is  to  be  met  with  in  many  leading  American  steel  works,  in- 
cluding Edgar-Thomson,  Joliet,  Lackawanna,  Union  (Chicago),  Pueblo 
(Colorado  Fuel  and  Iron  Co.),  and  the  works  of  the  Jefferson  and 
Roane  Iron  Companies. 

Rail  Testing:  and  Inspection. 

The  testing  and  inspectign  of  the  rails  produced  at  the  Edgar- 
Thomson  Works  are  simplicity  itself.  The  test  for  heavy  rails  is  a 
drop  test  of  2,000  lbs.,  falling  18  to  20  ft.,  depending  on  the  size  of  the 
rail  to  be  tested.  The  rails  are  inspected  as  they  come  from  the  mill. 
The  main  thing  is  to  get  them  rapidly  out  of  the  way.  When  the 
rails  have  been  straightened,  after  coming  from  the  finishing  mill,  they 
are  examined  by  the  inspectors,  and  defectives  are  thrown  out. 
Outside  the  mills  the  rails  are  again  gone  over  by  the  company's 
own  inspector;  and  they  are  finally  inspected  on  the  rail  bank  by  the 
buyer's  inspector.  Two  outside  inspectors  are  generally  on  the  works. 
The  rule  in  the  United  States  is  to  require  less  rigid  tests  than  in 
England,  the  drcp  test  being  usually  deemed  sufficient,  whereas  drop, 
tensile,  and  dead  load  tests  are  all   required  in   British  practice. 

The  function  of  the  American  rail  inspector,  as  set  forth  in  the 
hand-book  issued  by  the  Pittsburg  Testing  Laboratory,  a  copy  of 
which  was  handed  to  me  by  Mr.  George  H.  Clapp,  who  is  chairman 
of  this  important  organisation,  is  as  under : — 

"  To  inspect  the  surface  of  every  rail,  seeing  that  the  section  is  in  accordance 
with  templates  :  that  the  weights  and  lengths  are  correct ;  that  the  rails  are  straight ; 
verifying  the  distance  and  spacing  of  the  drilling  machines,  and  seeing  that  the 
shipping  directions  are  properly  carried  out.  This,  in  addition  to  making  regular 
tests  of  the  quality  of  the  steel  being  used,  and  noting  that  the  analyses  of 
the  steel  made  at  the  mill  laboratory  are  in  accordance  with  the  specifications  ; 
seeing  that  all  irregular  steel  or  that  which  is  brittle,  hard,  or  too  soft,  is  rejected. 
They  check  all  weights  and  verify  the  numbers  and  weights  of  all  invoices,  and 
send  through  our  central  office  duplicate  copies  of  all  invoices  and  lists  of  ship- 
ments, together  with  the  inspector's  certificate." 

The  Rail  ** Record"  System. 

It  must  not  too  hastily  be  assumed  that  in  the  United  States  the 
conditions  of  working  generally  stand  at  the  same  high  level  as  that 
recorded  for  individual    examples.     Even    authorities  differ   as  to  the 
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effect  of  the  system  of  records  now  so  characteristic  of  the  American 
steel  works.  At  the  same  meeting  a  few  years  ago,  two  well-known 
American  experts — Mr.  E.  C.  Potter  and  Prof.  Howe — expressed  views 
that  were  not  easily  reconciled  on  this  very  point.  Mr.  Potter  declared 
that  the  desire  for  large  tonnage  led  to  *'  slovenly,  careless  work  '* ;  and 
he  adds:  "In  the  mad  struggle  for  supremacy  everything  goes  with  a 
rush  ;  scrapping  carelessly  done,  blowing  more  or  less  inaccurate,  heats 
poured  hurriedly  and  in  a  slovenly  manner,  nozzles  in  ladles  badly  set, 
and  imperfect  streams  resulting,  moulds  carelessly  and  irregularly 
set  in  their  stools,  causing  large  fins  on  the  bottoms  of  ingots,  moulds 
insufficiently  cooled,  and  ingots  stripped  too  soon,"  and  much  more  to 
the  same  effect ;  "  any  or  all  of  which,"  Mr.  Potter  added,  "  would 
seriously  impair  the  quality  of  the  product." 

As  an  exponent  of  the  other  side  of  the  question,  Mr.  Howe  has 
stated  that  "the  cracks  and  blow-holes  to  which  careless  teeming 
should  lead,  would  in  turn  lead  to  physical  defects  in  the  rails,  due  to 
cracks ;  hence  should  result  a  large  proportion  of  second  quality  rails, 
of  cobbles,  of  rolling-mill  scrap,"  whereas  the  proportion  of  second 
quality  rails  is  stated  to  be  not  more  than  3  per  cent,  in  mills  using 
direct  metal.  "  We  do  not,"  adds  the  same  writer  with  some  naiveh\ 
"  humour  peculiarities  ;  we  prevent  them."*  But  there  is  hardly  likely 
to  be  any  specific  at  the  command  of  the  American  mill-manager 
which  will  exempt  him  from  the  usual  consequences  of  careless  work 
— if  the  work  is  careless,  or  from  the  penalties  attendant  on  hurry — 
if  the  work  is  done  too  hurriedly  to  be  done  well. 

Steel  Rail  Composition  and  Sections. 

In  respect  of  both  composition  and  sections,  American  steel  rai 
practice  differs  materially  from  that  of  Great  Britain,  but  I  need  not 
discuss  either  at  any  length,  nor,  indeed,  would  it  be  necessary  to  refer 
to  them  at  all,  but  for  the  fact  that  both  have  been  simplified  as  much 
as  seems  possible  in  the  interest  of  manufacturers.  Low  phosphorus 
rails — about  0*06 — are  in  special  demand,  and  for  some  years  the 
Bethlehem  and  one  or  two  other  companies  obtained  a  bonus  of  two 
dollars  per  ton  on  steel  rails,  and  conformed  to  what  is  known  as  the 
Dudley  specification,  although  a  number  of  companies  now  produce 
rails  of  this  description  without  any  addition  to  the  regular  price. 
Basic  steel  is  not  as  yet  used  to  any  extent  for  rail  manufacture,  but 
the  Tennessee  Company  are  now  about  to  use  it  on  a  considerable 
scale  at  their  new  rail  mill  in  Alabama. 

In  1900,  it  was  estimated  that  about  70  per  cent,  of  all  the  rails 
rolled  in  the  United  States  were  manufactured  to  the  section  prescribed 
by  the  American  Society  of  Civil  Engineers,  who,  as  stated  in  a  recent 
report,  have  "  simplified  and  standardised  practice,  to  the  advantage  of 
railroads  and  rolling  mills,  and  to  the  comfort  and  relief  of  railroad 
engineers."  The  system  of  cooler  rolling  of  the  rails  has,  however, 
shown  that  this  section  is  relatively  too  thin  for  the  best  results,  and 
hence  a  committee  has   lately  been   appointed  to  consider  suggested 

*  **  Proceedings  of  ihe  American  Institute  of  Mining  Engineers,"  1890. 
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modifications  of  the  section  in  question.  In  Europe,  the  weights  on 
the  locomotive  driving  wheels  are  limited  generally  to  about  14  tons, 
but  in  the  United  States  no  such  limit  is  imposed  upon  either  drivers 
or  car  wheels,  although  recently  there  has  been  a  demand  for  rails  of 
higher  physical  properties  to  cope  with  the  heavier  loads  now  common. 

Resources  of  Steel  Rail  Production. 

At  the  end  of  1901,  there  were  in  the  United  States  45  completed 
rail  mills,  and  three  new  mills  were  in  course  of  construction.  These 
figures  compare  with  51  rolling  mills  which  were  prepared  to  make 
standard  girder,  light  T  and  other  iron  and  steel  rails,  in  1898.  The 
works  belonging  to  the  Steel  Corporation  at  the  end  of  190 1,  which 
were  engaged  in  the  manufacture  of  steel  rails,  and  their  capacity,  were 
as  under: — 


Works. 

Total  Tons, 

Edgar- Thomson,  Pittsburg 

650,000 

South  Works,  South  Chicago 

650,000 

Joliet  Works,  Joliet 

540,000 

Milwaukee  Works,  Milwaukee 

150,000 

UntoiT  Work*,  Chicago  ... 

270,000 

Lorain  Works,  Lorain,  Ohio 

Total 

... 

... 

500,000 

2,760,000 

This  product  includes  a  certain  proportion  of  billets,  and  also  light 
rails  to  a  material  extent,  but  probably  the  rail  capacity  ordinarily 
available  will  not  be  less  than  2]  million  tons. 

The  works  that  are,  or  were,  independent — for  changes  take  place 
rapidly  in  the  United  States,  and  other  consolidations  were  then  being, 
and  have  since  been,  a  good  deal  talked  about — included  eleven  rail 
mills  in  Pennsylvania,  three  in  Alabama,  three  in  Maryland,  six  in  Ohio, 
four  in  Indiana,  two  in  Illinois,  one  in  Missouri,  one  in  Kansas,  and  one 
in  Wyoming.  The  aggregate  capacity  of  these  works  is  not  ascertain- 
able. A  number  of  them  arc  specially  designed  for  light  rails.  Others 
have  been  built  to  re-roll  steel  rails  by  the  McKenna  process.  Others, 
again,  are  employed  exclusively  on  mine  rails.  But  it  is  clear  that  the 
independent  plants — in  which  I  include  those  of  the  Republic  Iron 
and  Steel  Company,  as  being  distinct  from  the  Steel  Corporation — are 
in  a  large  majority,  and  are  not,  for  that  reason,  likely  to  be  swamped  by 
any  consolidation  hitherto  established.  Nevertheless,  the  total  rail- 
making  resources  of  the  United  States  are  colossal,  and  they  are  likely 
to  be  very  considerably  augmented  when  the  new  rail  mills  now  being 
built  by  the  Lackawanna  Iron  and  .Steel  Company  at  Buffalo,  the 
Tennessee  Company  at  Enslcy,  and  the  American  McKenna  Process 
Company  at  New  Jersey,  are  completed. 


B.— THE    MANUFACTURE   OF    PLATES. 

The  manufacture  of  ship  plates  having  been  for  a  number  of  years 
past  the  largest  individual  branch  of  the  steel  industry  of  Great  Britain, 
I    made   it   my   business   to    visit   several  of    the   works   engaged    in 
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producing  steel  plates  in  the  United  States,  including  those  of  Lukens 
and  Worth  Brothers,  at  Coatesville,  and  the  works  of  the  Carnegie 
Company.  The  principal  makers  of  ship  and  boiler  plates  in  the 
United  States,  besides  those  enumerated,  are  Messrs.  Park  Brothers, 
the  Carbon  Steel  Company  (Pittsburg),  the  Otis  Steel  Company 
(Cleveland),  the  Pottstown  Iron  Company  (Pottstown),  and  the  Glasgow 
Iron  Company.  The  total  output  of  plates  at  these  different  works 
must  considerably  exceed  half  a  million  tons  a  year.  Confident  in  the 
future  of  their  shipbuilding  industry,  some  of  the  American  ship  plate 
makers  are  looking  forward  to  an  extension  of  their  plants  in  the  near 
future. 

There  is  no  separate  record  of  the  number  nor  of  the  capacity  of  the 
steel  plate  mills  in  the  United  States,  as  distinct  from  the  record  of  plants 
engaged  in  making  sheets.  In  his  Directory^  published  early  in  1902, 
Mr.  J.  M.  Swank  gives  the  total  number  of  plate,  sheet,  and  skclp  mills 
collectively  at  223,  with  13  building  and  two  projected.  In  1898,  however, 
the  ascertained  number  of  compleled  mills  in  this  category  was  seven 
more  than  that  recorded  in  1901.  Most  of  the  mills  in  course  of  erection 
at  the  present  time  are  designed  to  manufacture  sheets.  Nor  is  any 
distinction  made  between  one  description  and  another  of  plates.  Boiler, 
ship,  bridge,  tank,  and  universal  plates  arc  not  infrequently  produced  by 
the  same  plant.  Some  of  the  plants  have  vast  capacities.  The  Home- 
stead Works,  for  example,  have  four  plate-mills — one  1 19-in.  and  one 
128-in.  three-high  sheared  plate  mills,  and  one  48-in.  and  one  42-in. 
universal  plate  mills,  so  that  plates  must  form  a  large  part  of  their  output 
of  rolled  products,  for  which  their  capacity  is  1,300,000  tons  a  year. 

The  Lukens  Steel  Works. 

At  these  well-known  works,  situated  about  40  miles  from  Phila- 
delphia, the  manufacture  of  boiler  plates  is  stated  to  have  been 
initiated  in  the  United  States.  The  best  known  name  connected 
with  this  pioneer  work  is  that  of  Dr.  Huston,  father  of  the  present 
proprietors,  who  started  the  plate  industry  by  using  single  charcoal 
blooms,  made  in  the  old-fashioned  forge  fire,  then  reheated  over  an 
ordinary  grate  fire,  and  finally  rolled  out  to  the  required  dimensions. 
The  plate  rolls  were  then  16  to  18  inches  diameter,  and  3  to  4  feet 
in  length  between  the  housings,  the  motive  power  being  an  overshot 
water  wheel. 

To-day  the  works  are  in  all  respects  up  to  date.  They  have  12 
stationary  open-hearth  furnaces,  six  of  them  50  tons  and  six  others  of 
40  tons  capacity,  although  nominally  less.  Six  of  the  furnaces  produce 
acid,  and  six  of  them  basic  steel.  Basic  steel,  Mr.  Huston  told  me,  is 
preferred  by  the  firm's  customers,  and  it  is  more  convenient  to  manu- 
facture, as  the  analysis  is  quite  as  good,  and  the  chemical  requirements 
are  more  easily  met.  At  Lukens  they  use  the  acid  steel  for  a  lower 
class  product,  finding  it  more  subject  to  surface  defects,  pitting,  etc. 
The  general  specification  for  basic  steel  plates  is  15  to  20  C,  02  P, 
•03  S,  and  Mn  '40.  The  pig  used  has  from  vo  to  5  per  cent.  P,  vo  P, 
and  low  .sulphur.  Of  limestone  and  burnt  lime  the  quantity  used  as 
additions  is  about  200  lbs.  per  gross  ton  of  ingots,  while  12^  lbs.  of 
dolomite  and  32  lbs.  of  magnesite  are  used  for  the  bottoms.     Fluoride 
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■■  used  as   a   flux  to  the  extent  of  about  I2  lbs.  per  ton 


of  calcium  i 
of  ingots. 

XTie   ingots   are    bottom-pjoured    for   direct   rolling.      The  weekly 
output  from  midnight  on  Sunday  to  6  p.m.  on  Saturday  is  about  600 
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tons  for  each  50-ton  furnace.  A  larger  output  is  got  for  slabbing.  The 
basic  loss  is  fully  4  per  cent.  There  is  no  ore  used  to  speak  of  that 
would  flux  out  the  lining. 

Three  mills  arc  employed  at  Lukens — two  of  them  sheared  and 
one  universal.  The  output  averages  about  9,000  tons  per  month  (2,000 
lbs.),  made  up  of  |ths  universal  and  the  remainder  sheared  plates.  Up 
to  10,000  lbs.  finished  weight  is  sometimes  rolled,  and  up  to  18,000  lbs. 
in  the  rough,  the  plates  in  this  case  being  rolled  direct  from  ingots,  so 
that  a  large  percentage  has  to  be  cut  off  to  provide  for  segregation,  etc. 
The  middle  rolls  of  the  universal  mill,  which  is  three-high,  are  28  and 
20  in.  respectively,  and  it  can  roll  from  48  in.  in  width  down  to  9  in. 
One  of  the  mills  is  of  small  size,  and  is  worked  by  hand  methods.  The 
mills  have  produced  505  tons  (2,000  lbs.)  of  finished  plates,  sheared 
and  universal,  in  the  24  hours,  of  which  250  tons  were  produced  by 
the  universal  mill.  The  mills  are  all  continuous  and  not  reversing. 
The  Messrs.  Huston  believe  that  there  is  great  economy  of  steam  in 
continuous  running,  besides  the  saving  of  back-lash  which  occurs  in 
the  reversing. 

The  largest  of  the  plate  trains  at  the  Lukens  Works  was  installed 
in  1896,  with  rolls  120  in.  long,  and  is  of  the  three-high  type,  fitted  with 
automatic  tilting  tables,  and  served  by  an  hydraulic  crane,  enabling 
one  man  to  draw  ingots  from  any  one  of  a  number  of  heating  furnaces 
and  deliver  them  on  the  roll  feeding  tables.  This  mill  w^as  enlarged 
in  1900  with  rolls  134  in.  long  and  36  in.  in  diameter,  enabling  the 
company  to  roll  plates  up  to  132  in.  in  width.  The  plates  are  machine 
straightened  while  hot. 

In  1899  a  large  plant  composed  of  a  48-in.  universal  mill  with  a  new 
open-hearth  furnace  plant,  and  in  1900  a  slabbing  mill,  said  to  be  more 
massive  than  any  at  present  in  operation  in  the  United  States,  were 
added,  making  the  new  plant,  which  is  set  forth  in  the  accompanying 
ground  plan  illustration  (Fig.  29),  one  of  the  finest  in  the  country. 

The  new  universal  mill  building  is  of  400  ft. total  length,  the  centre  part 
being  130  ft.  wide,  while  the  end  spans  are  transverse  to  the  main  span 
of  the  centre  building.  This  centre  span  contains  roll  trains,  engines,  mill 
roller  tables,  run  out  tables,  cooling  bed,  shear  tables  and  shears,  the  latter 
being  at  the  end  furthest  from  the  furnaces.  The  ingot  is  delivered  by 
the  roller  tables  to  the  mill,  where  it  is  handled  entirely  by  power  devices 
back  and  forth  through  the  successive  passes  in  the  mill,  and  the  finished 
plate  is  delivered  hot  to  the  run  out  tables  and  cooling  bed.  The  plate  is 
gradually  moved  sidewise,  when  cold,  to  the  roller  table  feeding  the 
shears,  where  it  is  cut  to  the  proper  length,  passing  through  the  shear 
opening  and  falling  from  the  shear  upon  the  rolls  at  one  end  of  the 
shipping.department.  Here  it  is  weighed  and  carried  by  a  long  overhead 
travelling  crane — furnished  with  several  trolleys,  which  lifts  the  long 
plate  in  such  a  manner  as  to  prevent  bending  by  its  own  weight — 
directly  into  the  car  for  shipment,  or  into  its  proper  place  in  the  shipping 
warehouse. 

At  the  Lukens  Works,  a  straightening  arrangement  has  recently 
been  adopted,  whereby  plates,  as  they  leave  the  rolls,  and  while  still 
red  hot,  are  passed  through  and  back  until  the  surface  is  changed  from 
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a  buckled  to  a  flat  one.  This  system  is  applied  to  boiler  plates  only. 
The  machinery  consists  of  seven  rolls  grouped  together,  and  so  adjust- 
able that  plates  of  practically  any  size  can  be  rolled.  The  same  type 
of  straightener  with  1 1  rolls  is  used  to  straighten  the  thinner  gauges, 
No.  10  to  j-  in. 

The  following  is  a  summarx*^  of  the  different  brands  produced  at 
the  Lukens  Works  : — 

Tensile  Strength. 

Extra  Soft  Steel 4^,0001055,000 

Extra  Locomotive  Fire-box  Steel  ...     50,000  to  60,000 

Fire-box  Steel         52,0001062,000 

Marine  Steel  50.000  to  60,000 

Flange  Steel  52,0001062,000 


The  Works  of  Messrs.  Worth  Brothers. 

These  works,  like  those  of  Lukens,  produce  basic  steel  from  a 
pig  which  averages  ro  per  cent.  P.,  ro  per  cent,  silicon,  and  05  per 
cent,  sulphur,  got  from  Valley  Works  twenty  or  thirty  miles  distant.  The 
furnace  plant  consists  of  four  basic  and  two  acid  open -hearth  40-ton 
furnaces.  The  principal  plate  mill  is  claimed  to  be  the  largest  in  the 
country.  It  has  turned  out  in  one  week  1493  tons  of  sheared 
plates  from  J  to  li  in.  thick,  mostly  boiler  plates  for  locomotive 
purposes.  The  manager  informed  me  that  he  expected  to  get  it 
up  to  1,750  tons  per  week.  The  rolls  are  132  by  36;  the  mill  is 
three-high,  the  middle  roll  being  22  in.  diameter.  It  is  driven  by  a 
Corliss  engine,  42  in.  cylinder  by  68  in.  stroke.  The  largest  size  of 
plate  produced  has  been  17,000  lbs.,  t  in.  thickness,  and  80  in.  by 
66^  in.  The  mill  can  roll  plates  126  in.  wide.  The  mill  rolls  only 
ingots  as  a  rule,  but  rolling  slabs  would  give  800  tons  a  week 
additional  output. 

For  the  basic  bottoms  of  the  open-hearth  furnaces,  Messrs. 
Worth,  as  at  the  adjoining  Lukens  Works,  u<c  limestone,  dolomite  and 
magnesite.  The  greatest  output  hitherto  got  from  the  open-hearth 
plant  was  1,168,000  lbs.  of  acid  steel,  with  15  heats,  in  one  week,  and 
2,037  tons  from  five  furnaces.  The  basic  furnaces  run  from  730  to 
937  tons  per  week.  The  Wellman  charging  machine  is  used — one 
for  six  furnaces. 

Limits  of  Universal  and  Bar  Mills. 

One  of  the  Carnegie  Company's  engineers  has  stated  that  in 
the  American  practice,  the  ingot  is  first  reduced  to  a  slab  in 
the  slabbing  mill,  the  slab  as  a  rule  being  reheated,  and  then  rolled 
flat  to  the  required  width  and  thickness  in  a  plate  mill.  Plates 
having  a  width  of  over  48  in.,  or  less  than  ^  in.  thick,  are  rolled  in 
an  ordinary  plate  mill — that  is,  one  having  only  horizontal  rolls — 
and  plates  rolled  in  such  a  mill  must  have  their  edges  sheared 
in  the  direction  of  the  length  of  the  plate,  subsequent  to  rolling 
and  straightening.  Plates  under  48  in.  in  width  and  over  |  in.  in 
thickness  do  not  need  shearing,  as  true  edges  can  be  obtained  in  a 
mill  having,  besides  the  same  horizontal  rolls  as  the  plate  mill  a  set 
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pf  vertical  rolls.     Plates  6  in.  and  less  in  width  arc  worked  in  grooves 
cut    with   the   rolls   similar   to   those   for  shapes,   and   can    be  rolled 


in   the   same   way   as  shapes.       It   beinj*   a   less    expensive     process, 
most  bars  arc  rolled  in  the  same  i 
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Some  Plate  Mills. 

Two  of  the  largest  plate  mills  in  the  United  States  are  those  of 
South  Chicago  and  of  Homestead — the  former  put  in  operation  in 
1896,  and  the  latter  transferred  from  the  Bethlehem  Company's  Works 
at  South  Bethlehem,  to  the   Homestead  Works  of  the  Carnegie  Steel 
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Company  only  a  year  or  two  ago.  At  the  time  of  erection  each 
of  these  mills  was  considered  the  finest  one  of  its  kind  in  the 
United  States.     The  South  Chicago  mill  has  two  stands  of  rolls,  thrce- 


hith.  the  first  oo  in.  Kinj;.  t.ip  and  bottom  rolls  34  in.,  and  the  centre 
R'lls  iS  in.  in  diameter.  The  outer  >,tand  lias  133  in.  rolls,  top  and 
\»i.incnn  rtiUs  ^4  in.  diameter,  and  centre  roll  21  in.  in  diameter.  The 
HiflucsietwJ  \,We  mill  ha.-;  3;  in.  slabbing  rolls,  three-high  34  in.  plate 
— "         "^        \n.  u^nier  and  lower,  and  20  in.  middle  rolls.     The  width 


ralU. 
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of  the  rolls  is  128  in.,  and  the  mill  is  equipped  with  three  132  in.  and 
two  trimming  shears. 

Illustrations  are  given  herewith  of  a  number  of  typical  American 
rolling  mills.     The  three-high   plate  mill    illustrated  (Fig.  30)   is  the 


standard  .American  type,  and  may  be  seen  at  work  at  Homestead, 
Lukens,  Paxton,  Carbon  Steel  Works,  Carnegie  Steel  Company's  I^wer 
Uilion  Mills,  the  mills  of  Park  Brothers  &  Company,  and  other  plants  of 
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leading  position.  It  is  claimed  that  the  feature  of  the  mill,  which 
gives  a  smaller  middle  roll,  facilitates  the  better  reduction  of  the  size 
of  the  piece  being  rolled  than  would  be  the  case  in  mills  with  two  rolls 
of  larger  diameter. 

The  type  of  universal  mill  shown  herewith  (Figs,  31  and  32)  is 


usually  employed  for  rolliiig  plates  of  sjiccial  si/cs.  and  more  particu- 
larly when  long  and  comparatively  iiarrow,  varying  from  S  to  42  in, 
wide,  and  above  \  in.  thick.     The  makcr.s  claim   that  for  such  plates 
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this  mill  is  "  indispensable,  as  it  finishes  plates  with  square  and  straight 
edges,  not  requiring  any  shearing." 

The  reversing  plate  mill  shown  herewith  (Figs.  33  and  34)  is  one 
that  is  knpwn  to  American  stee!  manufacturers  as  employing  two  pairs 
of  rolls — roughing  on  one  set  and  finishing  on  the  other — the  roughed- 


down  plate  beinf^  transferred  by  power  from  the  table  of  one  pair  of 
rolls  to  those  of  the  other.  The  makers  rcconiincnd  this  ly])c  as  havint;, 
for  some  purposes,  advantaLjes  over  the  ordinarv  ihrcc-hiiib  mill. 

Another  type   of  mill   of   which   Messrs.    Mackintosh,    Hemphill    & 
Company  have  supplied  quite  a   number  is  the  slabbing   mill  shown 
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leading  position.     It   is   claimed   that   the   feature  of 
gives  a  smaller  middle  roll,  facilitates  the  better  reduc— 
of  the  piece  being  rolled  than  would  be  the  case  Jn  mi 
of  larger  diameter. 

The  type  of  universal  mill   shown   herewith  (Fig^ 


usually  employed  for  rolling  plates  of  sjiccial  sizes,  and  n 
larly  when  long  and  comparatively  narrow,  varying  from 
wide,  aad  above  1  >■<■  thick.     The  makers  claim  that  for 
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the  more  extensive  use  of  steel  in  general  building  operations,  to  the 
large  and  rapid  replacement  of  old  wooden  trestles  by  new  steel 
bridges  and  viaducts,  and  to  the  expansion  of  many  kindred  uses, 
has  advanced,  and  is  advancing,  at  such  a  notable  pace,  that  not  a 
few  look  forward  to  the  absorption  of  all  the  structural  steel  that 
can  be  produced  for  at  least  a  year  or  two  to  come,  in  meeting  the 
urgent  needs  of  the  United  States.  On  the  other  hand,  the  new 
plants  and  the  further  extension  of  old  ones  must  greatly  increase 
the  capacity  for  production.  I  have  before  me  a  list  of  five  new 
works  of  importance  that  have  just  entered  upon  the  manufacture  of 
bridge  and  structural  steel  generally,  and  of  twelve  other  established 
works  which  have  more  or  less  consideraby  extended  their  existing 
plants,  whereby  the  output  of  structural  steel  will  be  vastly  increased. 

The  Pencoyd  Works  near  Philadelphia. 

The  American  bridge-building  works  have  of  late  years  made  a 
considerable  reputation  in  securing  contracts  in  outside  markets,  not 
only  in  reference  to  the  low  cost  at  which  work  has  been  undertaken, 
but  also  in  respect  of  the  extraordinarily  short  time  within  which 
they  have  undertaken  to  complete  contracts  of  this  description.  Their 
competition  in  work  of  this  sort  is  not,  however,  so  recent  as  is 
generally  supposed.  It  is  a  good  many  years  since  they  secured  and 
executed  the  contract  for  the  Hawkesbury  River  bridge  in  New 
South  Wales,  and  they  have  taken  occasional  contracts  since  then  in 
competition  with  both  British  and  German  manufacturers.  There  are 
now  a  number  of  large  works  in  America  laid  out  for  such  work 
and  possessed  of  resources  that  enable  large  outputs  of  structural 
steel  to  be  provided  for. 

I  had  the  choice,  while  in  Philadelphia  and  Pittsburg,  of  paying 
visits  to  several  of  the  leading  bridge-building  establishments,  but  I 
decided,  for  reasons  that  will  be  tolerably  well  understood  in  England, 
to  devote  more  time  to  the  Pencoyd  Works,  near  Philadelphia,  in 
preference  to  the  others.  This  establishment  has  of  late  attracted  a 
good  deal  of  attention  in  Europe,  partly  because  of  its  success  in 
tendering  for  the  Atbara  bridge  and  other  important  contracts,  partly 
because  of  the  manner  and  character  of  its  equipment  and  resources, 
and  partly  because  it  has  been  the  first  concern  in  the  United  States 
to  take  up  and  apply  the  Talbot  process  of  producing  open-hearth 
steel.     It  has  other  claims  to  notice  which  need  not  be  dwelt  upon. 

Accepting  the  invitation  of  Mr.  James  Christie,  the  engineer  and 
manager  of  the  works,  I  spent  a  day  at  Pencoyd  with  much  interest 
and  profit.  A  glance  at  the  illustration  accompanying  these  notes 
will  show  that  the  works  lie  along  the  Schuylkill  River,  less  than 
10  miles  from  Philadelphia.  The  various  departments  begin,  at  the 
lower  end,  with  a  large  open-hearth  furnace  plant,  and  thence  follow 
in  order  the  axle  forge,  the  eye-bar  mills,  the  straightening  and 
cutting  departments,  the  mill  office — almost  in  the  centre — the  rolling 
mills  and  the  machine  shop,  the  shops  where  girders,  beams,  etc., 
are  punched  and  finished  and  laid  out,  the  hydraulic  forge,  the  bolt 
and  rivet  shops,  and  the  stock  yard.  The  area  occupied  by  the 
works  is  about  a  mile  in  length,  but  comparatively  narrow  in  width. 

L  2 
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Naturally,  I  be^an  my  inspection  of  the  works  at  Pencoyd  by 
going  over  the  melting  department,  which  embraces  ten  30-toh  open- 
hearth  furnaces  of  the  usual  type,  and  one  Talbot  furnace,  which  has 
been  in  more  or  less  constant  work  since  it  was  started  on  the 
14th  of  September,  1899,  so  that  at  the  date  of  my  visit  in  October, 
1901,  it  had  been  about  two  years  in  operation. 

The  manager  of  the  melting  department  informed  me  that  the 
capacity  of  the  Talbot  furnace  was  taken  at  100,000  lbs.  of  metal, 
and  that  it  was  their  practice  to  tap  out  30  tons  and  leave  in  20 
tons.  Sandless  pig  is  used  because  it  is  found  that  it  is  more 
susceptible  to  heat,  and  melts  more  rapidly  than  pig  which  is  not 
machine-cast.  The  Talbot  furnace  gives  about  42  heats  in  24  hours, 
using  molten  metal.  The  hands  employed  at  the  Talbot  furnace 
are — one  melter,  two  chargers,  one  first  helper,  and  one  second  helper. 
For  each  of  the  other  furnaces  there  is  one  melter  (for  two),  one  charger, 
one  first  helper  and  one  second  helper. 

At  the  time  of  my  visit  the  largest  week's  work  done  in  the 
Talbot  furnace  had  been  about  800  gross  tons,  which,  if  maintained 
over  the  \'ear,  would  give  a  total  annual  product  of  about  42,000 
tons.  This  was  done  charging  pig-iron  alone  into  the  adjoining 
cupola  by  means  of  a  Wellman  charging  machine,  which  is  also 
used  to  charge  the  mill  scale,  ore,  and  basic  additions  to  the -plant 
gcncralh'.  In  the  Talbot  furnace  there  is,  of  course,  a  very  quick 
reaction.  In  11  minutes  80  per  cent,  of  the  carbon  and  phosphorus 
has  been  taken  out,  and  in  15  minntes  practically  the  whole  has 
disappeared. 

hVom  several  sources  it  has  been  suggested  that  the  Talbot  furnace 
involves  a  hcav\'  cost  for  repairs,  which  minimises  whatever  other 
advantage  it  may  possess  over  the  ordinary  ojxin-hearth.  I  discussed 
this  matter  both  with  Mr.  Christie  and  the  manager  of  the  open- 
hearth  department,  and  was  assured  that  the  cost  of  repairs  is  not 
appreciably  greater  than   in  the  ordinary  type  of  furnace. 

At  Pencovd  the  materials  enter  the  works  at  a  different  level 
to  that  of  the  charging  platform,  and  are  raised  to  that  level  by 
elevators,  the  cu])olas  being  alongside.  The  charging  platform  is 
wide  and  rooin\',  and  about  400  ft.  in  length.  I  was  informed  that 
the  steel  works  as  a  whole  had   cost   about  7,000,000  dols. 

The  principal  mills  at  Pencoyd  are  one  2«S-in.  and  one  23-in.,  on 
the  combined  two-high  and  three-high  systems.  One  of  these  mills  has 
produced  over  3,500  tons  of  structural  steel  per  week.  The  j^assage 
of  the  ingot  through  the  rolls  up  to  its  conversion  into  a  finished 
girder  is  one  of  the  most  perfect  and  economical  mechanical  opera- 
tions th.it  I  have  ever  witnessed.  The  live  rollers  are  so  contrived 
that  there  is  not  a  moment  lost,  and  no  hand  labour  to  speak  of  is 
reijuired.  I  counted  one  man  at  the  engine,  one  roller,  two  men  at 
the  tables  and  one  extra  helper,  making  five  hands  in  all,  while  the 
mill  was  working  at  the  rate  of  about  1,000  ft.  per  nn'nute,  and  pro- 
ducing 2,500  to  3,cxx)  tons  per  week.  Not  less  remarkable  is  the  rate 
of  production  of  the  other  mechanical  ap])liances  employed  in  cutting, 
punching,  ri\etting  and  otherwise  finishing  the  girders  and  beams  pro- 
duced.   At  one  machine,  Mr.  Christie  informed  me,  in  the  smallest  size  of 
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beams  a  hundred  cuts  per  hour  have  been  made  for  a  whole  day.  In 
heavier  beams  the  cuts  will  average  about  40  per  hour,  or  over  300  per 
day  per  machine.  In  6-in.  to  8-in.  beams,  about  a  thousand  cuts  are 
got  in  the  ten  hours  at  the  hydraulic  beam  shears.  This  shears  has 
taken  the  place,  and  now  does  the  work  of,  three  cold  .saws.  This 
machine  is  typical  of  the  capacity  of  the  equipment  generally. 

I  was  much  struck  with  the  bridfjc  shop,  which  is  20D  ft.  wide, 
by  260  ft.  long,  in  which  all  the  punching,  shearing  and  .straightening 
operations  are  done.  Everything  that  can  facilitate  the  passage  of  the 
girders  and  beams  from  the  mills  to  the  rivetting  machines,  and  thence 
to  the  stock  yard,  ap[)ears  to  have  been  thought  of —so  much  so,  that 
Mr.  Christie  gave  me  the  output  of  this  one  .shop  at  an  average  of 
6,500  tons  per  month  of  finished  girders,  although  he  added  that  they 
had  produced  as  much  as  8,000  tons  in  one  month.  While  this  ap- 
pears to  be  an  almost  incredible  output  for  a  shop  of  the  size  named, 
it  is  not  difficult  of  comprehension  by  those  who  have  witnessed  the 
despatch  (vith  which  the  work  is  got  out  of  hand.  The  machines 
employed  have  been  mostly  designed  and  supplied  for  this  work  by 
Mr.  Christie,  and  their  general  capacity  may  be  illustrated  by  the 
fact  that  one  of  the  punching  machines,  which  I  watched  for  some 
time,  punches  1,500  holes  in  one  hour,  and  manipulates  four  girders  at 
the  same  time,  being  spaced  with  ample  adjustment.  Among  other 
details  of  importance  it  may  be  noted  that  the  work  is  handled  by 
magnets,  that  every  machine  has  its  own  electric  motor,  and  that 
most  of  the  machines  are  placed  on  turntables  so  as  to  have  the 
work  always  straight. 


Fig.  37.— End  Vikw  ok  a  Tai.bot  Oi'en-Hf.artii 
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Among  the  auxiliary  departments  at  Pencoyd,  mention  may  be 
made  of  an  cyc-bar  plant,  at  which  a  special  hydraulic  upsetting 
machine  produces  from  40  to  100  heads  in  the  day  of  nine  hours, 
according  to  the  size  of  the  bars,  the  average  of  the  8 -in.  size  being 
about  40  ;  and  a  roll-turning  plant,  including  nine  lathes — each  having 
its  own  electric  motor — which  turns  out  on  an  average  about  two 
sets  of  rolls  of  the  largest  size  per  week.  As  regards  the  latter,  it 
may  be  of  interest  to  add  that  at  Pencoyd  they  appear  to  prefer  steel 
to  chilled  iron  rolls,  and  Mr.  Christie  informed  me  that  the  use  of 
steel  rolls  had  increased  of  late  to  such  an  extent  that  more  than 
one-half  of  the  whole  are  now  of  that  metal.  The  steel  used  is  speci- 
ally hard-grained  with  high  carbon.  Naturally,  in  a  plant  producing 
such  a  large  variety  of  sections,  the  stock  of  rolls  is  very  large,  the 
largest  being  i8-in.,  although  until  lately  24-in.  were  used. 

The  systematic  way  in  which  every  stage  of  manufacture  is 
provided  for  in  the  most  economical  possible  manner  is  one  of  the 
most  striking  features  of  the  Pencoyd  Works.  As  one  of  many 
evidences  of  the  same  kind  it  may  be  mentioned  that  while  material 
is  moved  longitudinally  through  the  shops  on  trollies,  and  transversely 
by  electric  cranes,  it  rests  almost  entirely  on  skids,  and  its  progress 
and  treatment  are  much  assisted  by  the  liberal  use  of  automatic 
multiple  punches,  gufdes,  skids,  and  other  economical  devices.  Most 
of  the  large  machines  for  shearing,  punching,  etc.,  are  placed  on  turn- 
tables so  that  they  can  be  operated  in  any  position,  and  the  movement 
of  plates  is  facilitated  by  roller  frames  and  goose-necks. 

It  would  be  possible  to  add  much  more  to  my  notes  on  this 
important  establishment,  but  I  can  only  give  space  to  say  that  the 
works  receive  their  pig-iron  from  different  blast  furnace  plants  within 
a  limited  radius,  and  their  coal  from  collieries  within  50  miles.  The 
works  are  not  exceptionally  well  placed  with  regard  to  either; 
neither  have  they  specially  excellent  means  of  transport,  as  the 
Schuylkill  River  is  not  of  much  use  to  them,  owing  to  its  shallow 
depth,  and  the  bulk  of  their  material  has  to  be  moved  by  rail,  even 
for  foreign  shipment.  It  did  not  strike  me  in  going  round  Pencoyd 
that  there  were  any  advantai;cs,  appliances,  or  methods  that  could 
not  easily  be  equalled,  and,  on  a  green  field,  even  excelled,  at  home. 
At  the  same  time,  with  some  knowledge  of  British  plants,  including 
bridge-building  establishments,  I  am  bound  to  add  that  a  great  change 
will  be  required  to  enable  our  home  concerns  to  go  one  better. 

Since  m\'  return  from  the  United  States,  a  pai)cr  mainly  devoted  to 
the  Penco\fl  Works  has  been  under  the  consideration  of  British  civil 
engineers,*  in  which  it  was  shown  that  the  output  in  gross  tons  per 
man  per  annum  averaged  771  for  draughtsmen,  115  for  men  in  bridge- 
shop,  185  for  men  on  eye-bars,  and  2,366  for  templaters.  These  figures 
are  likely  to  be  useful  as  a  standard  of  comparison  in  Ikitish  work. 

The  same  writer,  referring  lo  our  home  practice,  remarked  that 
"  the  saving  which  was  possible  b\'  systematic  methods  in  the  drawing- 
office,  and  the  use  of  stops  and  guides  and  multiple  punches,  so  as 
to    reduce   the    temi)lating,   was    ver\'    great.      Small    portions   of  the 
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work  should  be  made  interchangeable  and  turned  out  without  havin^j 
lo  mark  each  piece.  The  use  of  the  spacing-punch  obviated  the 
necessity  for  wooden  templates,  and  for  inarkin<(." 

Among  the  features  of  the  Pencoyd  Works,  specially  noted  by  this 
writer,  he  names  the  following : — 

"  Plates  were  handled  under  punches  by  roller  frames  or  goose-necks  and  moved 
by  a  chisel  bar  working  on  a  fulcrum.  Rimering  was  done  by  gantry-drills,  which 
resembled  a  Wellington  crane  with  eight  radial  drills  on  it.  Pneumatic  drills  and 
rivctters,  and  chippmg-machines  of  the  Boyer  type  were  much  used,  and  bad  holes, 
which  were  very  uncommon,  were  rimered  and  not  drifted.  Ends  of  long  pieces 
wer%  rimered  or  drilled  by  compressed  air  drills,  fed  up  to  the  work  by  a  compressed- 
air  cylinder  behind  them.  Large  plate-girders  were  rivetted  by  hydraulic  gap  rivetters 
mounted  on  a  ram  to  raise  or  lower  them,  the  work  being  suspended  from  an  electric 
Wellington  crane  traversed  by  a  switch  on  the  rivetter  platform.  Ends  of  members 
were  milled  by  rotary  planers  which  had  heads  4  ft.  6  in.  to  6  ft.  in  diameter,  with 
cutters  fixed  near  the  periphery.  Angle-stiffeners  were  bevelled  in  pairs  in  a  milling- 
machine  with  fast  vertical  feed,  and  fitted  perfectly.  Large  joists  or  channels  were 
handled  with  clip-hooks  furnished  with  chisel  points. 

"Very  little  planing  was  done  in  the  works;  *  Universal'  plates  were  used,  and 
were  rolled  by  nearly  all  American  plate-mills  without  extra  charge." 

The  chief  causes  of  cheap  working  in  America  are  summed  up  as 
follows : — 

"  I.  The  workmen,  though  more  highly  paid  than  in  England,  turned  out  a  much 
larger  quantity  of  work. 

**  2.  The  arrangement  of  the  works  was  more  carefully  thought  out,  and  labour- 
saving  appliances  were  more  used. 

'*3.  There  was  more  method,  and  probably  more  scientific  knowledge,  in  the 
drawing-office. 

'*  4.  The  works  were  run  night  and  day. 

**  5.  The  templating  was  reduced  to  a  minimum  by  care  in  the  drawing-office  and 
by  the  use  of  automatic  machinery  and  stops  and  guides. 

"  6.  Obsolete  machinery  was  turned  out  of  the  works  as  soon  as  it  was  superseded 
by  anything  better. 

7.  All  toots  were  kept  in  a  state  of  perfect  efficiency." 


»( 


Bridge-building  Resources. 

This  may  be  an  appropriate  time  and  place  to  call  attention  to  the 
fact  that  a  very  considerable  proportion  of  the  bridgc-buildin^j  plants  of 
the  United  States  are  under  the  control  of  the  American  Ikidge  Com- 
pany, which  is  one  of  the  constituent  companies  of  the  United  States 
Steel  Corporation,  and  which  has  a  capital  stock  of  70  millions  of  dollars. 
This  company  has  only  one  steel-manufacturing  plant,  that  of  Pencoyd,. 
and  only  one  set  of  rolling  mills,  that  established  at  the  same  works. 
But  they  have  no  fewer  than  25  separate  bridge-building  plants  in 
different  parts  of  the  United  States,  with  a  total  capacity  stated  at 
441,200  tons  of  bridge  work  annually,  including  Pencoyd,  which  alone 
has  a  capacity  of  65,000  tons.  No  other  bridge-building  concern  is  on 
the  same  scale  as  Pencoyd.  The  two  next  largest  concerns  are  the 
Kcy.stone  Bridge  Works  in  Pittsburg,  and  the  American  Bridge  Works 
at  Chicago,  each  of  which  has  a  capacity  stated  at  about  32,000  tons» 
and  other  exceptionally  important  works  are  those  of  the  Shiffler 
Bridge  Works,  in  Pittsburg,  the  Trenton  Ironworks,  in  New  Jersey,  and 
the  Kdgemoor  Bridge  Works,  at  Edgcmoor,  Delaware.  At  a  number  of 
the  leading  bridge-building  works,  they  have  considerable  plants  for  the 
manufacture  of  bolts,  nuts  and  rivets. 
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D.— THE    MANUFACTURE  OF  TUBES. 

The  manufacture  of  tubes  has  within  recent  years  become  a  great 
industry  in  the  United  States,  and  presents  every  appearance  of 
becoming  much  greater  within  a  very  short  space  of  time.  At  the 
present  time  there  are  six  or  eight  considerable  tube  plants  being 
built  in  that  country,  and  it  is  expected  that  the  whole  of  these  will 
be  at  work  next  year.  This  will  be  likely  to  add  from  one-third  to 
one-fourth  to  the  existing  capacity  of  the  United  States,  which  is  now 
nearly  one  and  a  half  million  tons  per  annum. 

The  explanation  of  the  enormous  expansion  of  the  tube  industry 
of  the  United  States  within  recent  years  is,  mutatis  mutandis,  the  same 
as  that  which  has  brought  about  a  large  development  of  the  tube 
industry  of  Scotland,  Staffordshire,  etc.  The  increase  of  demand  for 
tubes  for  telegraphic,  telephonic,  hydraulic,  and  kindred  purposes,  would 
have  led  to  a  large  development  in  any  country  with  claims  to  civilisation, 
but  in  the  United  States  the  great  areas  to  be  covered  have  accentuated 
the  demand. 

The  National  Tube  Company  s  Works. — There  appears  to  be  no 
reliable  record  of  the  total  tonnage  of  tubes  and  pipes  produced  in 
the  United  States.  The  total  annual  capacity  of  the  14  wrought-iron 
and  steel  pipe  and  tube  works  belonging  to  the  Steel  Corporation  is 
returned  at  922,000  gross  tons,  but  the  capacity  of  the  independent 
plants  built  and  building  cannot  be  far  short  of  another  million, 
although  this  latter  figure  is  ]3Ut  forward  with  all  reserve. 

The  total  capacity  of  the  National  Tube  Works  at  McKeesport  is 
430,000  tons  of  jMg-iron,  240,000  tons  of  wrought  iron  and  steel  skclp, 
13,500  tons  of  charcoal  blooms,  330,000  tons  of  Bessemer  ingots, and 
285,000  gross  tons  of  pipes  and  tubes  from  ^  in.  to  30  in.  inclusive. 
The  National  Tube  Company  embraces  several  other  plants  with  large 
capacity  of  outj^ut,  including  the  Pennsylvania  Departmental  Works, 
rittsburg,  with  a  cai)acit\' of  120,000  gross  tons;  the  Riverside  Tube 
Works,  West  Virginia,  with  a  ca])acity  of  95,000  tons  ;  and  the  Chester 
Works,  Delaware  Count)',    with  a  capacity  of   50,000  tons. 

I'he  largest  existing  works  in  the  United  States  are  those  of  the 
National  Tube  Company  at  McKeesport,  about  fifteen  miles  from 
Pittsburg,  which  1  visited,  by  favour  of  Mr.  Schwab,  and  with  the 
manager  of  which,  Mr.  G.  (i.  Crawford,  I  had  an  interview.  With 
these  works  are  associated  others  that  j^rnduce  the  iron  and  steel  used 
in  the  tube  manufacture,  beginning  with  the  Monongahela  furnaces, 
which  are  realK'  ])art  of  the  same  i)lant,  and  including  the  steel  works, 
also  close  at  hand,  of  the  same  name  ;  and  the  Boston  Iron  and  Steel 
Works,  about  two  miles  distant,  in  the  same  valley.  The  National 
Works  employ  about  tS,ooo  hands,  and  produce  over  1,100  tons  per 
day  of  tubes  of  all    kinds. 

Except  in  regard  to  their  magnitude,  it  did  not  strike  me  that  the 
National  Works,  although  by  far  the  largest  works  of  their  kind  in 
the  world,  and  enjoying  all  the  advantai^es  that  belong  to  production 
on  a  large  scale,  were  ecpial  in  arrangement  and  in  the  conditions  that 
make  for  economy  in  such  a  plant,  considered  by  itself  alone,  to 
some  of  the  tube  mills  that  I  have  been  over  in  .Scotland.     Generally 
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speaking,  the  works  strike  one  as  being  unduly  crowded,  and  there 
is  a  lack  of  that  method  and  order  about  them  which  one  expects 
to  find  in  a  plant  of  the  most  modern  type.  Both  Bessemer  and 
open-hearth  steel  are  used  in  tube  production.  The  Bessemer  is 
produced  on  the  spot,  two  converters  being  employed.  The  open- 
hearth  steel  is  purchased.  A  puddling  forge  is  also  carried  on  at 
McKeesport. 

The  situation  of  the  works  in  reference  to  the  supply  and  cost 
of  raw  materials  is  much  the  same  as  that  of  the  works  of  Pittsburg. 
The  coke  used  in  the  blast  furnaces  is  from  Connellsvillc,  45  miles 
<listant  ;  the  ore  used  is  Lake  Superior.  The  blast  furnaces  are  new. 
Their  best  average  had  been  400  tons  per  day  per  furnace  at  the 
time  of  my  visit.  The  general  design  and  arrangement  of  the  blast 
furnaces  are  much  the  same  as  those  of  the  Kdgar-Thomson  Works, 
on  which  they  have  been  largely  modelled.  A  casting  machine  is 
used,  so  that  sandless  pig  is  produced.  The  blast  furnace  manager 
informed  me  that  this  description  was  perfectly  well  suited  to  the 
requirements  of  the  concern. 

The  tube  department  is  equipped  to  produce  practically  all 
sizes  with  their  usual  fittings — the  sizes  generally  manufactured  vary- 
ing from  ^  in.  up  to  30  in.,  while  any  special  joint  that  may  be 
specified  is  provided.     The  output  is  of  both  butt  and  lap-welded-  tubes. 

^The  plant  employed  has  naturally  a  few  features  more  or  less 
exceptional,  and,  perhaps,  peculiar  to  itself.  Its  general  features, 
however,  are  much  the  same  as  those  of  a  well-equipped  British 
works,  apart  from  its  magnitude.  The  feature  that  struck  me  most 
forcibly  was  the  resistless  energy  with  which  the  work  was  turned 
out,  all  the  machines  being  worked  for  all  they  were  worth.  The 
heating  furnaces  are  of  the  usual  type.  The  bending  furnaces  heat 
about  1,700  tubes  of  the  smaller  size  and  2,000  of  the  larger  size 
per  day.  From  the  heating  furnaces,  the  pipes  are  run  along 
V-shaped  live  rollers  to  the  welding  furnaces  and  thence  to  the 
cold  rolls.  The  furnaces  are  generally  of  the  same  size.  The  strip 
is  bent  in  long  rolls,  adapted  to  take  any  size  that  may  be  called  for, 
by  an  ingenious  application  of  a  descending  top  roll.  The  edges 
of  the  pipes  so  formed  are  hammered  down  by  several  men,  who 
then  pass  them  on  to  a  second  furnace.  The  average  output  of 
these  shaping  rolls  was  given  me  as  250  i8-in.  pipes  per  day.  The 
furnaces  are  generally  built  in  pairs,  rolls  between.  Electric  power 
is  used  for  actuating  all  the  machinery  to  which  it  can  be  applied. 

There  are  six  furnaces  for  butt  and  twelve  furnaces  for  lap-tubes. 
The  furnaces  are  gas-heated.  Duff's  producers  being  used.  Instead 
of  rolls,  the  tubes  are  in  some  cases  drawn  through  two  bells,  made 
of  cast  iron,  and  which  appear  to  answer  very  well.  The  company 
have  special  machines  for  swaging  the  ends  of  the  pipes.  The 
works  are  run  on  the  two-shift  system.  Both  piece  work  and  day 
wages  are  paid.  It  may  be  added  that  the  workmen  generally  live 
in  the  town  of  McKeesport  (which  is  known  as  the  tube  town,  and 
has  a  population  of  15,000  to  20,000)  and  close  to  their  employment. 

The  McKeesport  Works  of  the  National  Tube  Company  are  easily 
the   first   in  the  world  for  capacity  of  output.     In  January   last  they 
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turned  out  30,551  tons  of  finished  pipe,  which  is  at  the  rate  of  over 
366,000  tons  a  }'ear.  The  best  record  previous  to  this  was  28,882  tons 
in  one  month. 

The  export  of  tubes  is  now  a  considerable  business  in  the  United 
States,  mainly  by  the  National  Tube  Company,  which,  in  January  1902, 
is  reported  to  have  shipped  to  various  countries  nearly  3,000  tons  of 
pipes.  The  tonnage  manufactured  at  McKeesport  has  to  be  transported 
by  rail  to  cither  Philadelphia,  which  is  nearly  400  miles,  or  to  New 
York,  which  is  nearly  500  miles  distant. 

After  the  National  Company,  one  of  the  most  important  corpora- 
tions in  the  United  States  engaged  in  the  tube  industry  is  that 
known  as  the  Shelby  Company,  which,  although  a  constituent  of  the 
United  States  Steel  Corporation,  retains  its  distinctive  name,  and  is 
operated  by  a  distinct  management.  The  Shelby  Company  carries  on 
seven  different  seamless  drawn  tube  works,  with  a  capacity  for  the 
production  of  63  million  feet  of  tubing.  It  also  carries  on  five  rolling 
mills,  with  a  capacity  for  producing  44,600  tons  of  blanks  annually. 
The  most  important  individual  establishment  is  the  Shelby  Works  them- 
selves, at  Richmond  County,  Ohio,  which  are  equal  to  an  output  of 
1 2,000  gross  tons  of  blanks  annually  and  24  million  feet  of  seamless 
drawn  tubing. 

New  Tube  Plants. 

The  bulk  of  the  tube- producing  works  now  in  operation  in  the  United 
States  are  owned  by  or  coimected  with  the  National  Tube  Compan\'. 
This  concern  has  now  under  its  control  nine  rolling  mills  and  steel 
works,  capable  of  producing  480,000  tons  of  liessemcr  ingots,  435,000 
tons  of  slabs  and  billets,  and  503,000  tons  of  skclp  annually,  with 
36,000  tons  of  plates  and  sheets.  It  also  controls  fourteen  tube  works, 
with  an  annual  capacity  of  922,000  tons  of  pipes  and  tubes,  in  addition 
to  two  seamless  pipe  and  tube  works,  whose  capacity  is  not  stated  by 
^f^.  Swank. 

From  Mr.  Julian  Kennedy,  of  Pittsburg,  and  other  authorities,  I 
obtained  information  as  to  new  establishments  recently  erected,  ov  now 
under  construction,  for  the  purpose  of  adding  to  the  tube-producing 
capacity  of  the  country.  The  principal  new  plants  are  those  of  Spang, 
Chalfant  &  Company,  of  Pittsburg  ;  of  La  Belle  Vue  Works,  Stcu- 
bcnviile ;  of  the  Lanesville  Works,  Ohio  ;  of  the  Sharon  Steel 
Company;  and  of  the  Youngstown  Iron  and  Steel  Company,  'N'oungs- 
town,  Ohio.  Other  plants  on  a  smaller  scale  are  being  constructed,  so 
that  probably  it  is  not  an  excessive  figure  to  compute  the  annual 
ca}>acity  of  the  whole  of  the  tube  works,  built  or  building,  at  nearly  two 
million  tons  a  year.  So  far  as  I  know,  the  actual  output  of  tubes  in 
the  United  States  has  never  been  recorded,  but  it  is  not  at  all  likclv 
to  have   much  exceeded  two-thirds  of  this  figure. 
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E.— THE    TINPLATE    INDUSTRY. 


Short  Historical  Review. 

It  was  unfortunate  that  the  tin  plate  manufacturers  of  South  Wales 
did  not,  in  accordance  with  their  original  intention — and  solely 
because  they  did  not  look  upon  the  date  as  propitious,  on  account 
of  the  strike  in  the  American  works — send  tw^o  of  their  number  as 
part  of  our  Commission.  This  circumstance  has  imposed  upon 
me,  with  a  view  to  the  completeness  of  this  Report,  the  dut\'  of 
saying  something  as  to  the  tinplate  industry  of  the  United  States, 
which  they,  had  they  accompanied  us,  would  have  said  with  much 
greater  authority. 

It  is  a  matter  of  common  knowledge  that  the  tinplate  industry 
is  one  of  the  most  recent  in  the  United  States,  and  has  been  built 
uj)  on  the  McKinley  Tariff  of  1890,  which  levied  a  duty  of  2^  cents 
per  lb.  on  all  tinplate  imported  into  the  country,  and  practically 
caused  the  Customs  to  claim  as  much  on  imports  into  the  United 
States  as  the  price  of  the  product  at  works  in  the  Principality. 

At  the  time  the  McKinley  Tariff  came  into  force,  there  was 
practically  no  tinplate  manufactured  in  the  United  States,  and  the 
imports  of  that  commodity  ranged  from  300,000  to  400,000  tons  a 
year.  In  the  following  year,  the  home  production  was  only  552  tons, 
and  the  imports  of  British  tinplates  were  327,882  tons.  Since  then 
the  American  production  has  increased  year  by  year,  while  the 
American  imports  have  as  rapidly  declined.  In  1900,  the  total 
American  output  of  tinplates  exceeded  400,000  tons,  and  the 
imports  had  fallen  to  only  58,000  tons,  or  about  a  sixth  part  of 
what  they  were  in   1890. 

The  following  table  shows  the  British  exports,  American  imports, 
and   American  output  of  tinplate  for  the  last  13  years  : — 


I'.xporls  from 

Impirts 

(ireat  liritain 

into 

American 

k'ear. 

to  all  count  lies. 

U.S.A. 

I*r<Kliicti(»n 

T».)ns. 

Tons. 

Tons. 

1889 

430,623 

331,311 

1890 

4::i,797 

329435 

— 

189I 

448,732 

327,882 

552 

1892 

395,580 

268,472 

18,803 

1893 

379^^33 

253,«55 

55,182 

1894 

354,081 

2 1 5,0(^)8 

74,260 

1895 

365,082 

219,545 

113,666 

1 896 

2^)6,955 

119,171 

160,362 

1897 

271,230 

83,851 

256,598 

1898 

250,953 

67,222 

326,915 

1899 

256,629 

5^,915 

397,767 

1900 

273,954 

()o,386 

302,665 

1901 

171,657 

The  imports  of  the  i)ast  three  or  four  years  have  been  confined 
almost  entirely  to  tin])latcs,  which  arc  re-exported  in  the  shape  of  cans, 
containing  oil,  fruit,  fish,  etc.  H\'  the  terms  of  the  Dingley  Law  99  per 
cent,  of  the  dut\'  oriirinallv  placed  on  such  tinplate  is  refunded  bv  the 
Government  on  its  re-export. 
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Sharon  Tinplate  Company's  Works. 

One  of  the  most  notable  features  of  the  recent  course  of  the 
American  tinplate  industry  has  been  the  establishment  of  an  extensive 
new  plant  at  Sharon,  Pa.,  by  the  Sharon  Tinplate  Company.  This 
plant,  originally  intended  to  comprise  only  ten  mills,  has  now  been 
increased  to  twenty,  the  hot  mill  building  being  900  ft.  long  by 
108  ft.  wide.  The  mills  have  varying  widths  of  rolls,  the  least  being 
30,  and  the  greatest  36  in.  The  complete  plant  embraces. 22  sheet 
furnaces  and  20  pair  furnaces,  all  fired  with  producer-gas.  Ten 
mills  draw  their  power  from  a  Buckeye  condensing  engine,  and  .ten 
from  a  compound  condensing  engine — the  first  by  the  Buckeye 
Engine  Company,  of  Salem,  Ohio,  and  the  second  by  Mackintosh, 
Hemphill  &  Company.  In  the  cold  mill,  which  is  520  ft.  by 
88  ft.,  there  are  six  annealing  furnaces,  equipped  with  Swindell 
chargers.  Of  the  13  stands  of  cold  rolls,  12  are  driven  tandem, 
the  other  being  24-in.  one  pass. 

The  block  pickling  room,  which  is  72  by  90  ft.,  is  equipjxid 
with  two  Mesta  pickling  machines,  supplied  by  the  Mesta  Machine 
Company,  of  Pittsburg.  The  tin  house,  72  by  212  ft.,  is  equipped 
with  24  sets  of  doubling  machines.  The  process  of  making  tin  and 
terne  plate  is  continuous.  The  power  house  is  equipped  with  250  h.p. 
Buckeye  cross-compound  engines,  direct-connected  to  two  Westing- 
house  generators. 

Situation  in  Pennsylvania. 

The  works  engaged  in  the  manufacture  of  tinplates  in  the  United 
States  are  mostly  located   in    the    State    of    Pennsylvania,   but    they 
are  also  to  be   found   in  nearly    all    the   eastern    and    middle    States,, 
and   the  tendency  appears  to  be  to   increase   the    area    within    which 
they  operate.      Little  more  than  a  year  ago,  the  American  Tinplate. 
Company — one  of  the  constituents   of  the    American    Steel   Corpora- 
tion— owned     282    tinplate     mills,    and     34  others     were    owned     by 
independent'  concerns,  while   30  others  were  reported  to  be  in  course 
of  construction.      Since  then,  however,  there  have  been    a  number   pf 
new   mills  projected    in    different   localities,  the    completion    of  which 
is     likel}'    to    give    to    the    American    tinplate    industry    a    capacity 
exceeding  half  a  million  tons  a  year. 

The  general  tinplate  situation  in  Pennsylvania  is  indicated  by 
the  following  figures,  extracted  from  the  report  for  the  year  190a 
of  Captain  J.  M.  Clark,  chief  of  the  Pennsylvania  State  Bureau  of 
Industrial  Statistics  : — 

"In  1899  Pennsylvania  had  21  blackplate  plants,  18  under  one 
ownership,  five  of  which  were  subsequently  dismantled,  and  the  re- 
maining 13  operated  for  a  part  of  1900.  Two  of  the  remaining 
three  were  operated  in  1900,  making  15  blackplate  tin  works  plants 
operated  in  Pennsylvania  in  1900.  The  average  number  of  days  of 
employment  was  only  201,  owing  to  wage  disputes.  The  capacity  for 
1899  was  1,017  net  tons  daily,  and  for  1900  1,014  net  tons.  The 
capital  invested  was  9^315,000  dols.,  as  against  8,150,000  dols.  in 
1899.  Production  of  blackplate  for  tinning  was  302,928,000  lbs., 
255,844,000  lbs.  being  tinned  ;  value  of  the  tinned  .  production, 
10,561,760  dols.;  total  value  of.  the  output  of  the  blackplate 
works,  12,197,787  dols.     There  were  7,069  workmen  employed,  skilled 
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and  unskilled,  boys,  women  and  girls.  The  aggregate  wages  paid 
was  3,428,259  dols. ;  average  earnings,  484  dols.  97  cents;  average  daily 
wage,  2  dols.  41   cents. 

Six  tinplate  dipping  works  were  in  operation,  having  48  tinning 
sets,  with  a  daily  capacity  of  194  net  tons  of  tin  and  terne  plate : 
capital  invested,  451,827  dols.  The  aggregate  wages  paid  was 
137,700  dols.;  average  earnings,  371  dols.  8  cents;  average  daily 
wage,  I  dol.  47  cents.  Total  production  of  tin  and  terne  plate  by 
blackplate  and  dipping  works,  289,392,000  lbs.  ;  value,  12,669,747 
dols. ;  average  value  per  100  lbs.,  4  dols.  38  cents." 

Tinplate  Works  and  Engineering  Firms. 

The  tinplate  works  under  the  control  of  the  Steel  Corporation  were 
supposed  to  have  a  notable  advantage  over  the  independent  plants 
in  virtue  of  having  an  arrangement  made  with  a  number  of  leading 
firms  engaged  in  the  design  and  manufacture  of  machines  of  different 
types  especially  adapted  for  that  industry.  Nine  of  the  leading 
machine-making  and  iron-founding  firms  in  the  country  are  stated  to 
have  agreed  not  to  do  any  work  for  independent  tinplate  firms,  so  that 
competing  plants  were  to  be  excluded  from  the  advantage  of  having 
work  done  or  designs  prepared  by  such  firms.  It  is,  however,  since 
stated  that  this  arrangement  has  not  been  continued,  whence  it  seems 
probable  that  the  pressure  of  outside  plants  has  proved  too  much  even 
for  the  Steel  Cjorporation. 

The  Star  Tinplate  Works.  , 

I  had  the  opportunity  accorded  me  by  Mr.  Schwab  to  visit  any,  or 
practically  all,  of  the  tinplate  works  belonging  to  the  United  States 
Steel  Corporation,  which  means  the  largest  number  of  the  best 
plants  in  the  country.  One  of  these  was  the  Star  Works  of  the 
American  Tinplate  Company,  Pittsburg,  over  which  I  was  shown 
by  Mr.  J.  R.  Phillips,  the  district  manager,  and  Mr.  A.  E.  Piper,  the 
superintendent. 

At  the  Star  Tinplate  Works  in  Pittsburg,  during  1900,  the  output 
per  mill  per  turn  was  6,500  lbs.,  and  there  are  eight  mills  in  operation,  so 
that  the  total  output  of  tinplate  is  close  on  20  tons  per  turn.  Each  mill 
is  served  by  one  roller,  one  heater  and  one  doubler.  The  roller  is  paid 
1 1  dols.,  the  heater  6^  dols.  and  the  doubler  yh  dols.  per  shift. 
Labourers  are  paid  li  dols.  The  shift  is  one  of  ten  hours  for 
labourers  and  eight  hours  for  the  other  hands.  The  girls  who  are 
employed  as  sorters  arc  paid   i   dol.  15  cents  per  shift. 

The  engines  that  actuate  the  rollers  are  of  the  direct-connected 
Corliss  type,  with  42-in.  cylinder  by  60-in.  stroke,  working  at  100  lbs. 
pressure.     There  are  two  such  engines,  each  of  them  working  four  mills. 

The  standard  size  of  plate  made  here  is  14  by  20,  but  a 
number  of  other  sizes  are  produced.  The  firm  produces  its  own 
blackplate.  The  bars  used  are  8  and  10  in.  by  30  ft.  long.  From 
the  bar  of  this  size  to  the  finished  plate  there  are  usually  twelve 
passes  through  rolls  of  26  in.  diameter  and  32  in.  long,  with  20-in. 
necks.     The  mills  are  served  by  sixteen  furnaces  with  two  doors  each. 

At  the  time  of  my  visit  to  the  Star  Works,  they  were  only 
working  partial  time,  oxying  to  the  strike  which  took  place  in  the 
summer  of  1901.      The  majority  of  the  men  employed   previous   to 
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that  time  had  belonged  to  the  unions  and  were  of  Welsh  origin, 
among  whom  the  sentiment  of  unionism  was  uncommonly  strongs 
The  owners  did  not  greatly  mind  this,  so  long  as  it  was  not  per- 
mitted to  interfere  with  the  liberty  of  non-unionists  and  the  progress 
of  the  concern.  After  the  strike,  however,  they  made  up  their  minds 
that  in  future  they  would  get  rid  of  the  union,  and  hence,  on  the 
first  day  of  September,  they  started  as  a  non-union  establishment, 
and  they  intimated  that  they  knew  of  no  reason  why  this  condition 
should  not  be  maintained.  While  there  were  still  a  number  of 
Welshmen  engaged,  the  native  Americans,  who  were  much  less 
troublesome  to  deal  with,  would  soon  be  in  a  majority. 

In  ordinary  practice  a  30-ft.  bar  is  cut  up  by  a  shears  into  lengths 
that  average  20  in.  These  short  lengths  are  taken  from  the  shears 
by  a  crane,  loaded  up  into  a  rack  under  the  crane,  which  swings 
them  up  into  a  stand  between  the  mills,  and  the  men  then  load  by 
hand. 

All  the  machines  throughout  the  works  are  run  by  electric 
motors.  One  such  machine  runs  the  tin-house,  and  another  runs 
the  slitting  shears.  The  rolls  are  turned  every  week,  after  they  have 
put  through  about  a  thousand  boxes. 

Some  weeks  before  my  arrival  at  Pittsburg  the  Monessen  system 
of  connecting  mills  had  been  adopted  at  the  Star  Works,  at  one  of 
the  groups  of  mills,  as  well  as  at  the  company's  Monongahela 
Works.  By  this  change,  they  raised  the  output  from  5,750  to  6,500 
lbs.  per  mill  per  turn.  As  this  system  has  been  described  in  the 
Iron  and  Coal  Trades  RevieWy  it  is  needless  to  speak  of  it  here  at 
greater  length,  but  I  was  informed  that  its  adoption  involved  no 
material  alteration  in  the  conditions  of  labour. 

The  annealing  furnaces  employed  at  the  Star  Works  are  specially 
suited  to  meet  the  requirements  of  natural  gas  fuel,  which  is  here 
employed.  The  furnace  is  of  circular  form,  and  is  built  into  the 
ground.  It  has  an  iron  casing  and  a  brick  top,  which  is  movable  by 
crane.  The  furnace  is  1 1  ft.  diameter  by  5  ft.  deep.  The  charge  put 
into  the  furnace  is  usually  six  or  seven  pots  of  5,500  lbs.  each. 
Two  different  annealings  are  generally  given,  the  second  one  being 
cold.  Altogether,  there  arc  nine  annealing  furnaces.  I  was  informed 
that  the  only  other  furnaces  built  on  this  system  are  at  Elwood, 
Indiana.     These,  however,  are  not  new,  having  been  here  since  1895. 

In  cold  rolling  at  the  Star  Works,  conveying  tables  are  used, 
placed  between  the  different  stands,  and  set  tandem.  By  this  arrange- 
ment the  labour  of  catchers   and  rollers  is  saved. 

Electric  light  is  employed  in  the  assorting  room  at  each  bench 
and  table ;  it  is  also  used  in  other  departments  of  the  works. 

The  pickling  is  done  by  three-armed  picklers,  with  three  crates — 
one  of  them  in  the  swilling  bath,  one  in  the  pickler,  and  one  outside 
for  loading  and  unloading.     The  vats  are  about  7  ft.  long  by  8  ft. 

The  use  of  natural  gas  fuel  not  only  gives  the  works  an  un- 
usually clean  and  tidy  appearance,  but  it  is  a  more  economical  fuel, 
and  it  obviates  the  employment  of  certain  grades  of  labour,  such 
as  ashmen,  who  would  be   required  with  coal  fuel. 
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When  in  full  operation,  the  works  employ  500  hands,  and  have  a 
capacity  of  350  gross  tons  per  week. 

General  Survey  of  the  Tinplate  InduAtry  of  To-day. 

At  the  end  of  1901  there  were  in  the  United  States  fifty-five  tin- 
plate  and  terne  plate  works,  with  seven  building  and  one  projected. 
Of  that  number,  forty-one  were  equipped  for  the  manufacture  of 
both  tin  and  terne  ])lates ;  ten,  built  or  building,  were  equipped  for 
the  manufacture  of  tinplatcs  only  ;  and  seven,  built  or  building,  were 
equipped  to  produce  only  terne  plates.  At  the  same  date  the  Steel 
Corporation  had  twenty-five  works  completed  and  one  being  con- 
structed. 

The  fifty-five  tini^late  works  in  the  United  States  to-day  are 
scattered  throughout  eleven  different  States  and  Territories,  but 
chiefly  in  Pennsylvania,  where  there  are  twenty- four  of  them,  and  in 
Ohio,  where  there  arc  twelve. 

The  largest  tinplate  works  in  the  United  States  are  those  known 
as  the  American,  at  l^lwood,  Indiana,  which  possess  59  sets,  and  are 
equal  to  an  output  of  30,000  boxes  per  week  of  112  plates,  14  in. 
by  20  in.,  full  weight  of  100  lbs.  The  Americans  use  the  word  set, 
and  it  is  applied  in  these  returns,  to  signify  the  set  of  tinning  pots, 
or  the  machine  used  in  tinning  or  coating  the  block  plates.  Only 
three  of  the  works  of  the  Steel  Corporation  have  a  weekly  capacity 
exceeding  20,000  boxes.  Two  independent  works  produce  20,000 
boxes  weekly,  or  more,   while  six  such  works  have  ten  sets  or  more. 

The  following  is  a  statement  of  the  principal  tinplate  works 
belonging  to  the  Steel  Corporation  in  the  United  States,  and  their 
capacities  in  tin    and    terne   plates : — 


Works. 
American,  Elwood,  Indiana 

INeWCnSllCf     I  cla  ...  •••  ...  •«•  ••• 

Muskegon,  Michigan 
l*ennsylvania,  Pa.   ... 
Pittsburg,  Pa. 
Laughlin,   Ohio 
La  IJelle,  W.  X'irginia 
IJeaver,  Ohio 

Demmler,  McKccsport      ...         ...         

Shenango,  Newcastle,    Pa. 

The  total  capacity  of  the  works  belonging  to  the  United  States 
Steel  Corporation  is  officially  estimated,  for  2S  completed  rolling 
mills,  on  triple  turn,  at  552,750  tons  of  black  plates  or  sheets 
annually,  to  which  a  new  mill  in  course  of  being  built  at  the  end 
of  1 90 1,  was  estimated  to  add  12,000  tons.  The  capacity  of  the 
25  completed  tin  and  terne  plate  works  owned  by  the  corporation 
was  at  the  same  time  computed  at  220,900  boxes  of  100  lbs.  each 
on  double  turn,  while  new  plants  were  computed  to  add  6,000  boxes 
to  that  figure. 


No.  of 
sets. 

Weekly 

capacity, 

in  boxes. 

59 
32 

10 

30,000 
16,000 

5,500 
5»ooo 

r2 

5.000 

42 

20,000 

>5 

9,000 
6,000 

>4 
36 

7,000 

24,000 

No.  of 
sets. 

capacity, 
in  boxes. 

lO 

8 

1,440 
1,800 

8 

4,500 

•   5 

2,200 

6 

2,000 

8 

4,000 

6 

2,300 

.  24 

20,400 

7 
.   7 

2,520 
1,800 

.  i6 

10,000 

9 

4,000 

.  i8 

11,000 

.   20 

7,300 

.   24 

20,000 
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The  following  are  the  names  and  the  resources  of  the  principal 
independent  plants  engaged  in  the  manufacture  of  tin  and  terne 
plates : — 

Works. 

American  Tinplate  Company,  Pa.        

Meurer  Brothers,  New  York 

Griffiths  Company,  Washington  

Follansbee  Brothers,  Pittsburg 

Lalance  &  Grosjean,  Pa.  

Merchant  &  Co.,   Pa 

Philadelphia   Iron  and  Tinplate   Company    ... 

Sharon   Tinplate  Works 

Washington  Tin    Mills,   Washington  Co. 

Waynesburg,  Pa 

Baltimore  Works,  New  York 

Wheeling   Corrugating  Company  

Maywood  Works,  New   York 

Chicago  Tinplate  and   Can  Company 
Waukeshat,   Wisconsin     

It  seems  to  be  pretty  certain  from  the  available  records  that 
whatever  "  virtual  monopoly "  of  the  tinplate  trade  the  Steel 
Corporation  may  have  possessed  when  it  was  founded,  or  whatever 
the  amount  of  control  exercised  over  the  trade  at  an  earlier  date 
by  the  American  Tinplate  Company,  competitive  concerns  have 
since  increased  largely  and  rapidly,  until  the  26  tinplate  works 
under  the  control  of  the  Steel  Corporation  are  less  than  one-half 
of  the  whole  number.  While,  therefore,  the  action  of  that  con- 
solidation cannot  be  regarded  as  uniniluential  in  the  affairs  of  the 
tinplate  trade,  it  is  not  likely  to  be  all-important,  as  it  would 
have   been    while   independent  concerns   were  less  numerous. 

The  number  of  completed  tinplate  works  in  the  United  States  at 
the  end  of  1901  was  55,  compared  with  69  in  April  of  1898,  and 
the  same  number  at  the  end  of  1895.  Hence  the  number  of  existing 
works  at  the  end  of  190 1  was  less  than  that  of  either  of  the  two  previous 
periods.  But  the  amount  of  enterprise  being  shown  at  the  end  of 
1901  in  adding  to  the  productive  capacity  of  American  tinplate  plants 
was  greater  than  at  either  of  those  previous  dates.  Mr.  Swank's 
figures  show  that  at  the  end  of  1901,  no  fewer  than  seven  new  tinplate 
works  were  in  course  of  construction,  against  one  in  April,  1898,  and 
four  at  the  end  of  1895.  Of  the  new  works  being  built  at  the  end  of 
1 901,  three  were  in  Pennsylvania,  two  in  West  Virginia,  one  in  Ohio, 
and  one  in  Wisconsin,  while  one  other  was  at  that  time  projected  in 
Illinois.  The  aggregate  capacity  of  the  whole  of  the  tinplate  works  of 
the  United  States  is  not  quite  known,  but  it  is  computed  at  over 
700,000  tons,  which  is  a  good  deal  in  excess  of  any  actual  output 
hitherto  reached  in  the  United  Kingdom. 

During  my  stay  at  Pittsburg  I  obtained  a  copy  of  7/ie  Western 
Scale  of  Prices  Governing  Wages  in  Rolling  Mills  for  the  Year  1 901,  as 
published  by  the  "  National  Lodge  of  the  Amalgamated  Association 
of  Iron,  Steel,  and  Tinplate  Workers."  This  little  handbook  of  38  pp. 
is  really  a  guide  to  the  wages  paid  in  bar,  12-in.,  lo-in.,  guide,  hoop, 
cotton-tie,  puddle  plate,  tank,  sheet,  structural,  and   tinplate  mills,  as 
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also  of  the  rates  i>aid  for  boilings,  bushelling,  shingling,  heating  slabs, 
knobbling,  working  pipe  from  iron  or  steel,  or  other  op)erations.  The 
rates  in  question  are  fixed  under  an  agreement  known  throughout  the 
trade  as  the  American  scale,  and  subscribed  by  the  representatives  of 
both  employers  and  employed.  The  agreement  is  founded  on  "  the 
actual  sales  and  shipment  of  iron  and  steel,-  as  arranged  for  in 
conferences,"  and  for  such  periods  as  may  be  agreed  upon.  It  may  be 
noted  here  that  one  of  the  provisions  of  the  scale  is  that  iron  mills 
working  steel  are  required  to  pay  price  and  a  half  for  steel,  except  mild 
steel,  and  another  is  that  on  all  mills  working  iron  or  steel  weighing 
i6o  lbs.  or  over  extra  help  is  furnished  to  the  heater  at  the  expense  of 
the  firm. 

The  following  are  typical  rates  of  wages  paid  under  this  agreement — 
in  dollars  and  cents  : — 


Roller 
Doubler 
Heater 
Catcher 


Description  of  Gauge. 

8  to  II        i8  to  20    29  and  30  40 

rSi     ...     3-20  '  ...     4-34     ...  6*89 

i;o7     ...     1*87     ...     2*91     ...  4';94 

0*98     ..'.     170    ...     2*68     ...  4*83 

o'54     ...    096    ...     1*30    ...  2*o6 


The  scale  goes  up  to  44  gauge,  for  which  rollers  are  paid  7*60  dols., 
and  doublers  5  dols.  86  cents.,  the  total  number  of  gauge  rates  being 
twenty-three.  The  scale  also  provides  for  the  payments  to  be  made  for 
shearing  on  jaw  or  crocodile  shears  and  job  or  sheet  work,  from  1*26 
dols.  for  8  to  II  gauge  to  155  dols.  for  44  gauge ;  for  shearing  tinplate 
or  squaring  shears,  from  41  cents  up  to  24  gauge  to  79  cents  for  44 
gauge,  and  for  a  screw  boy  at  40  cents  up  to  24  gauge — all  per  ton. 

The  scale  fixes  the  limit  of  a  turn's  work  of  eight  hours,  which 
varies  as  under  : — 


( iaufjc. 

loo    11)S. 

No.  8  to  J  2 

•  •  • 

13,500 

„     18  to  20 

•  •  • 

9,500 

M         25 

•  •  • 

6,750 

jau^e. 

loo  lbs, 

30 

5.750 

33 

5,150 

35 

4,950 

Some  of  the  regulations  laid  down  under  the  scale  are  deserving  of 
notice.  One  of  them  is  that  eight  hours  shall  be  a  day's  work  on  block 
or  tinplate  mills  ;  that  no  more  than  three  changes  in  the  classification 
of  tinplate  mills  can  be  made  during  the  .scale  year  ;  that  the  weight  of 
the  bar  shall  be  marked  on  it  when  brought  to  the  mill;  that  men  work- 
ing under  the  control  of  the  amalgamated  association  shall  not  wait  in  the 
mill  longer  than  three  hours  without  working  ;  and  that  all  mills  over 
32  in.  wide  shall  be  classed  as  large  mills,  and  10  per  cent,  extra  .paid 
for  all  such  widths.  Another  important  rule,  levelled  at  the  contract 
.system,  is  that  certain  classes  of  men  "shall  receive  their  money  directly 
from  the  company." 

The    minimum    and    maximum    base   weights   of  each   gauge   are 
;.  fixed  at  the  following  figures  : — 


(laujjc. 

Minimuin. 

lJa»c  weight  per  l>ox. 

Mnximum. 

30 

••• 

102  lbs.,  2  f)/. 

108  lbs.,  14  oz.       .. 

115  lbs.,  II  oz. 

3^ 

... 

«;i   lbs.,  14  ()/. 

95  lbs.,  5  oz. 

102  lbs.,  J  oz. 

F.— WIRE  RODS,  WIRE,  AND  WIRE  NAILS. 


Capacity  of- American  Wire  Worlcs. 

The  importance  of  the  wire  industry  of  the  L^nited  States  is 
pretty  clearly  denoted  by  the  fact  that  in  1899  the  output  of  wire 
rods  was  not  less  than  i,036;398  tons,  which,  however,  in  the 
following  year  had  fallen  to  846,291  tons.  VVhen  in  Cleveland 
(Ohio)  1  called  at  the  offices  of  the  Garrett-Cromwell  Engineering 
Company,  and  was  supplied  with  a  list  of  the  Garrett  wire  rod  mills 
in  the  United  States,  which  showed  a  total  capacity  of  over  two 
million  tons  a  year,  so  that  the  capacity  of  the  plants  now  built  is 
considerably  in  excess  of  any  annual  output  yet  recorded.  The  wire 
rods  are,  of  course^  worked  up  into  a  variety  of  finished  products, 
but  one  of  the  most  statistically  striking  is  that  of  wire  nails,  of 
which  in  1899 — the  banner  year — the  total  output  was  not  less 
than  7,618,000  kegs  of  100  lbs.  each,  or  340,090  tons.  This  extra- 
ordinary make  of  wire  nails  has  compelled  the  United  States  to  seek 
for  foreign  markets  for  a  surplus  that  they  appear  quite  unable  .to 
dispose  of  at  home.  The  largest  export  hitherto  recorded  under 
this  head  was  33,517  tons  in  1899.  In  the  same  year,  16,992  tons 
of  wire  rods  were  exported,  so  that  the  home  consumption  of  wife 
rods  in   that  year  must  have  been  more  than  a  million  tons. 

This  vast  capacity  is  being  materially  increased  at  the  present 
time.  The  Garrett-Cromwell  Engineering  Company  informed  me  that 
they  had  under  construction  at  Puebla,  for  the  Colorado  Fuel  and 
Iron  Company,  one  mill  of  600  tons  capacity  per  24  hours  ;  another 
mill  of  400  tons  capacity  for  the  Pittsburg  Steel  Company, 
within  40  miles  of  that  city  ;  and  a  third  mill  of  200  tons 
capacity  for  a  firm  in  Indiana.  Hence,  the  new  works  in  hand  by 
this  one  firm  represent  an  increased  capacity  in  wire  rods  of  1,200 
tons  per  day.  Moreover,  the  Garrett-Cromwell  Company  had  just 
put  into  operation  at  Pittsburg  a  new  rod  mill  of  300  tons  daily 
capacity  for  the  Union  Steel  Compan\',  and  I  was  told  that  it  is 
proposed  to  double  this  capacity  in  1902  if  trade  keeps  good,  while 
a  smaller  mill,  of  150  tons  daily  capacity,  had  practically  been 
arranged  for  the  Page  Woven  Fence  Company,  an  enterprise  carried 
on  within   50  miles  of  Pittsburg. 

This  enormous  advance  in  the  resources  of  the  country  for  the 
production  of  wire  and  wire  products  would  seem  to  a  large  extent  to 
be  justified  by  the  recent  progress  made  in  the  demand  for  those 
products.  That  progress  has  never  before  been  so  strikingly  shown  as 
in  the  year  1901,  when  the  total  output  of  wire  rods  rose  by  the  extra- 
ordinary figure  of  519,643  tons,  or  fully  61  per  cent,  over  that  of  the 
previous  year  It  is  true  that  the  increase  of  1901  over  1899  was 
materially  less  than  this  figure,  having  been  329,000  tons,  or  31  per  cent., 
but  even  so  the  advance  has  been  unique  in  the  history  of  the  wire 
industry  of  the  United  States,  and,  it  need  hardly  be  added,  of  all  other 
countries.  Since  1895,  the  increase  in  the  output  of  wire  rails  has  been 
about  70  per  cent. 

Among  recently  erected  rod  mills  of  importance,  mention  ma\'  be 
made  of  that  built  at  Eusley,  Alabama,  of  which  I  shall  have  more 
to  say  presently,  with  a  capacity  of  about  300  tons  ;  that  built  at 
Ashland,  Kentucky,  with  a  capacity  of  about  300  tons ;  and  that  built 
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for  the  Sharon  Steel  Company  (whose  works  are  elsewhere  referred 
to*),  started  a  few  months  ago,  with  a  capacity  of  about  400  tons 
per  day. 

The  bulk  of  the  wire-rod  mills  in  the  United  States  to-day  are 
owned  by  the  American  Steel  and  Wire  Company,  which  has  13 
different  wire-rod  plants,  23  wire-drawing  plants,  and  16  wire- 
nail  plants  under  its  control,  rci^resenting  an  annual  capacity  of 
1,250,000  tons  of  wire  rods,  1,562,000  tons  of  wire,  and  more  than 
12  million  kegs  (100  lbs.  each)  of  wire  nails.  It  will  be  noted  that 
this  one  enterprise  controls  an  annual  output  of  all  three  greatly  in 
excess  of  any  output  secured  in  twelve  months  up  to  the  present 
time. 

Nevertheless,  it  was  announced  some  months  ago,  and  is  regarded 
in  well-informed  quarters  as  not  improbable,  that  the  new  plants 
recently  constructed,  under  construction,  or  jirojected,  would  be  equal 
to  an  output  that  would  not  come  far  short  of  adding  50  per  cent, 
to  these  figures.  However  this  may  be,  it  seems  to  be  clear  that 
the  capacit}'  is  already  largely  in  excess  of  the  demand,  that  it  is 
certain  to  be  more  so  in  the  future,  that  there  is  likely  to  be  a  very 
keen  competition  for  business  between  the  Steel  Corporation  (of  which 
the  American  Steel  and  Wire  Company  is  a  constituent  concern)  and 
independent  manufacturers,  and  that  the  plants  available  can  only  be 
expected  to  keep  going  by  invading  foreign  markets  more  largely 
than  has  hitherto  been  done. 

The  Present  Statistical  Position  of  the  Wire  Industry. 

At  the  end  of    1901,  the  total   number  of  iron   and  steel  wire  rod 
mills    in   the    United    States    was  ^2,  with  four   building,  one  rebuild- 
ing and   one  projected,  making  38  in  all.  The  chief  works   were   as 
under  : 

Tons. 

National    Wire   Corporation,  New  Haven  ...         ...  ...       90,000 

Rankin   Works,    Pa.             ...         ...         ...  ...         ...  ...     100,000 

MajTtman    Manufacturinj^    Company,    Pa.  ...         ...  ...     275,000 

Monessen    Works,    I'ittsbur^         ...         ...  ...         ...  130,000 

.Sharon    Works,   Pa....         ...                      ...  ...         ...  ...      125,000 

Union    Steel    Company,    l*a.         ...         ...  ...          ...  ...     200,000 

Southside    Works,    Pittsburg          ...          .  ...          ...  ...       90,000 

lieaver    Falls    Works,    Pa....         ...         ...  ...  ...     100,000 

/Mlentown    Works,    Pa.                   ...         ...  ...         ...  ...       75»ooo 

liraddock    Works,    Pittsburg          ...          ...  ...          ...  ...       80,000 

Newcastle    Works,    Pa.        ...          ...  ...          ...  ...       90,000 

.American    Iron    and    .Steel    Works.   Pittsburj^  ...  ...     100,000 

.Ashland    Company's    Works,    Ky.            ...  ...          ...  ...      100,000 

Alabama  Wire   Company's    Works,    .Ala.           100,000 

.American    Steel   and   Wire    Company     four  works ■    ...  ...     405,000 

Joliet    Works,    Chicago        ...         ...         ...  ...  ...     260,000 

Waiikegan    Works,    Chicago         ...         ...  ...  ...      100,000 

Anderson    and    Kokomo    Works,    Indiana  ...      150,000 

(iris wold    Wire   ('ompany,    Illinois          ...  ...          ...  50,000 

(irand    Crossing'    Company,   Illinois        ...  ...         ...  ...       45,000 

National    Wire    Corporation,    New    Haven  ...  ...       90,000 

New   York  and   New   Jersey    Companies  ...  ...      145,000 

Smaller    Companies...          ...          ...         ...  ...         ...  ...       75,ooo 

The  principal  rcj)rcscntativc  of  the  wire  industry  of  the  United 
States  is  the  American  Steel  and  Wire  Company,  one  of  the  constituents 

•  See    Kepcrl    by   Mr.   Knoch  James,   p.    540, 
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of  the  United  States  Steel  Corporation,  which  has  11  blast  furnaces, 
15  roUing  mills  and  steel  works,  13  wire-rod  plants,  23  wire-drawing 
plants,  and  16  wire-nail  plants. 

The  capacity  of  the  various  plants  of  the  company  is  given  in  the 
Directory  of  the  Iron  and  Steel  Works  of  the  United  States  at  the 
following  figures : — 

Tons.  Tons. 

Pig-iron    1,030,500  Wire  rods,  etc.     ...     1,755,000 

Bessemer  ingots ...       935>0oo  Wire  1,562,500 

Open-hearth  ingots       365,000  Wire  nails 12,385,000  kegs. 

Billets,  slabs,  etc. . . .       890,000 

The  rapid  progress  of  the  wire  industry  is  indicated  by  the  fact  that 
in  1875  the  output  in  the  United  States  was  only  250,000  tons,  but  this 
figure  had  in  1898  increased  to  1,200,000,  and  this  year  it  is  expected 
to  considerably  exceed  a  million  and  a  half  tons. 

I  have  analysed  the  wire-rod  manufacturing  plants  of  the  United 
States,  at  the  end  of  1901,  with  their  annual  capacity  as  given  in  Mr. 
Swank's  Directory,  and  find  their  total  capabilities  to  be  2,970,000  tons 
a  year.  The  capacity  of  the  13  wire-rod  j)lants  belonging  to  the 
United  States  Steel  Corporation  is  given  by  the  same  authority  at  the 
same  date  as  1,250,000  tons  a  year.  Hence  the  capacity  controlled  by 
the  United  States  Steel  Corporation  appears  to  be  about  42  per  cent, 
of  the  whole  of  the  country. 

The  Ensley  Wire  Works. 

At  Birmingham  (Ala.),  I  had  the  opportunity  of  seeing  over  the 
works  of  the  Alabama  Steel  and  Wire  Company,  which  is  one  of  the 
latest  wire  works  hitherto  constructed  in  the  United  States.  This 
company  buys  billets  measuring  4  in.  by  4  in.  from  the  Tennessee 
Coal  and  Iron  Company.  The  works  have  a  capacity  of  some 
100,000  tons  per  annum,  of  No.  8  rods,  from  1,000  to  1,200  ft. 
long.  The  chief  finished  products  are  fencing  wire  and  wire  nails. 
The  billets  produced  by  this  company  run  from  14  to  "17  carbon, 
'03  to  '05  sulphur,  and  '04  to  '06  phosphorus.  A  noticeable  feature  of 
the  plant  is  the  adoption  of  hot  metal  from  the  adjoining  steel  plant 
of  the  Tennessee  Coal  and  Iron  Company.  At  the  time  of  my  visit 
the  company  were  being  paid  28  dols.  per  ton  for  fencing  wire,  but  they 
were  not  so  fully  employed  as  they  would  have  been  had  not  the 
region  south  and  west  of  the  Mississippi,  to  which  they  mostly  limit 
their  business,  had  a  short  crop. 

The  plant  at  these  works  is  of  the  latest  type  in  nearly  all  its 
details.  The  rod  mill,  of  the  latest  Garrett  type,  cost  the  firm  350,000 
dols.  There  are  18  passes  through  the  rolls  from  the  4-in.  billet  to 
the  No.  5  gauge  size  of  rod,  which  is  accomj)lished  in  a  minute  and 
a  half  We  saw  two  or  three  rods  being  put  through  at  the  same 
time. 

For  the  manufacture  of  nails  the  company  employ  171  so-called 
Kilby  machines,  which,  however,  they  have  modified  to  their  own 
requirements.  Each  man  attends  to  from  10  to  14  nail  machines, 
with  a  couple  of  helpers  who  feed  in  the  wire  and  take  care  of  the 
machines.  The  latter  are  paid  25  cents  per  hour.  The  works  can 
produce  4,000  kegs  (100  lbs.)  in  24  hours,  up  to  12-in.  spikes. 
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In  the  wire-drawing  department,  there  are  217  blocks,  arranged 
in  a  building  which  is  360  ft.  long.  The  blockmen  have  each  two 
blocks  to  look  after,  and  each  block  produces  two  tons  in  the  24  hours. 
Generally  these  men,  who  are  paid  by  piece,  make  about  7  dols. 
a  day. 

The  barbed  wire  machines,  of  which  there  are  a  number,  average 
about  2^  tons  of  finished  product  per  day. 

Several  galvanizing  furnaces  are  used,  instead  of  passing  the  wire 
through  molten  lead,  which  is  regarded  as  too  expensive  and  unne- 
cessary. About  75  tons  per  furnace  per  day  is  regarded  as  an  average 
output. 

The  labour  conditions  at  these  works  are  somewhat  exceptional. 
For  ordinary  unskilled  labour,  negroes  are  mainly  employed.  Over 
one-half  of  the  wire-drawers  were  also  negroes.  Boss  rollers  are 
paid  about  5,000  dols.  per  annum,  and  second  rollers  3,000  dols. 
Excepting  these,  there  are  none  on  the  works  paid  more  than  2,cxx> 
dols.  a  year.  A  dollar  a  day  is  the  standard  wage  for  unskilled  labour, 
and  until  a  year  and  a  half  previous,  it  was  only  90  cents.  The  total 
number  of  hands  employed  ranges  from  900  to  1,300,  according  to  the 
work  in  hand. 

The  Wire-Rod  Mills  at  Sharon. 

The  rod  mills  of  the  Sharon  Company  are  of  the  Morgan  con- 
tinuous type,  and  are  driven  by  two  pairs  of  32^  by  60  by  60  in. 
engines,  with  82-in.  rope  wheel,  worked  by  a  i6-ft.  pulley  which  drives 
part  of  the  mill.  The  other  part  is  driven  by  a  4-ft.  wide  belt  on 
the  same  shaft.  The  rod  mill  contains  six  stands  of  10- in.  roughing 
rolls,  and  a  finishing  train  of  eight  stands  of  lo-in.  rolls,  an  Edwards 
flying  shear  being  interposed  between  the  two  for  cropping  the  split 
ends.  The  rods  are  afterwards  taken  to  two  sets  of  four-rod  reels 
of  the  Morgan-Stevenson  flying-pipe  pattern,  with  inclined  laying  plat- 
form and  travelling  coil  conveyor.  'Fhe  latter  delivers  the  coils  to  the 
pickling  house.  After  leaving  the  pickling  house  the  rods  arc  taken 
to  the  annealing  furnace  building,  and  after  being  annealed  are  cither 
shipped  to  the  open  market  or  taken  to  the  wire  mill.  The  pickling 
house  is  ecjuipped  with  two  pickling  cranes  and  one  baker.  A  galvan- 
izing department  is  also  located  at  one  end  of  the  pickling  house,  the 
equipment  consisting  of  two  annealing  furnaces,  necessary  water  and 
acid  tanks,  two  spelter  frames,  and  two  take  up  frames  for  20  wires 
each.  The  annealing  house  contains  one  set  of  annealing  pots  and  one 
.set  of  cooling  pots,  and  is  commanded  by  two  revolving  steam 
cranes. 

The  wire  mill  is  780  ft.  long  with  a  70- ft.  span,  and  there  is  room 
for  150  wire  benches.  This  building  also  contains  the  galvanizing 
department,  which  is  located  at  one  end  of  it.  In  the  wire  mill  is  an 
overhead  trollew 

In  the  Sharon  billet  mill,  the  billets,  after  reaching  the  proper  degree 
of  heat,  are  dropped  upon  a  conveyor,  which  carries  them  to  the  mill 
to  be  rolled.  The  billet  mill  has  three  pairs  of  rolls  of  16  in.  diameter, 
and  three  pairs  of  13  in.  diameter,  and  is  driven  by  a  pair  of  28J  by 
56  by  62  compound  steam  engines.  The  billets  are  rolled  I J  in.  or 
larger. 
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Mr.  William  Garrett,  the  inventor  of  the  Garrett  rod  mill,  which 
has  done  so  much  to  increase  the  output  of  wire  rods  in  the  United 
States,  has  stated  in  a  recent  article  contributed  to  the  Iron  and  Coal 
Trades  Reviciv  \^\^xi\  nth,  1902),  that  of  the  total  production  of  wire 
rods  in  the  year  1 901,  he  computes  that  not  less  than  80  per  cent,  were 
rolled  as  small  as  No.  5,  while  the  balance  was  at  least  half  a  size 
larger,  but  still  called  No.  5.  These  rods  were  used  for  nails,  barbed 
fencing,  galvanized  wire,  weaving  wire.  Many  thousands  of  rods  were 
drawn  from   5  in.  by  7  in.  to  No.  20,  without  being  annealed. 


G.— THE  AMERICAN   CRUCIBLE   STEEL  INDUSTRY. 


HUtorical  Retrospect. 

The  crucible  steel  industry  of  the  United  States  has  had  an  interest- 
ing history.  Up  to  about  the  year  1866,  there  was  a  common  im- 
pression in  the  American  trade  that  good  crucible  steel  could  not 
be  produced  in  that  country.  Evidence  on  this  subject  was  given 
before  a  Committee  of  Congress,  which  is  rather  amusing  reading 
at  the  present  time.  Several  enterprising  Americans  entertained  a 
different  opinion,  and  among  them  the  late  James  Park,  whom  I  had 
the  pleasure  of  knowing  intimately,  and  whose  son  now  controls  the 
large  works  and  plants  of  the  American  Crucible  Steel  Corporation. 
These  pioneers  engaged  men  in  Sheffield  at  high  wages  to  go  to 
Pennsylvania  and  help  in  the  start  of  the  trade,  which,  protected  by 
high  duties,  was  in  a  few  years  placed  on  a  stable  and  prosperous 
footing. 

Even  up  to  the  present  time,  however,  the  Americans  import  con- 
siderable quantities  of  crucible  steel  from  England,  and  I  was  informed 
by  several  authorities  that  there  is  still  in  some  quarters  an  idea  that 
only  England  can  produce  tool  steel  of  the  highest* class.  The  in- 
creasing strenuousness  of  those  who  are  engaged  in  this  business  on 
the  American  side  has  induced  several  Sheffield  firms  to  establish 
works  in  the  United  States  rather  than  run  the  risk  of  entirely  losing 
iheir  American  connection,  and  prominent  among  such  firms  may  be 
named  Messrs.  Firth  &  Sons  and  Messrs.  Jessop.  While  in  Pittsburg, 
I  met  Mr.  Lewis  J.  Firth,  of  Sheffield,  who  informed  me  that  his 
firm  had  established  large  works  in  the  neighbourhood  of  that  city, 
employing  over  600  men,  who  produce  among  their  specialities  pro- 
jectiles and  other  munitions  of  war. 

The  total  annual  production  of  American  crucible  cast  steel  over 
the  last  ID  years  has  been  about  100,000  tons.  This  is  probably 
not  greatly  different  from  the  British  output  of  the  same  description 
of  material,  but  there  are  no  available  records  of  the  latter. 

Some  of  the  principal  crucible  steel  works  of  the  United  States  are 
those  of  Park  Brothers,  the  Crescent  Steel  Company  of  Pittsburg, 
and  the  Midvale  Steel  Company  of  Philadelphia.  Mr.  Park  refused  my 
request  to  see  over  the  works  of  his  firm,  a  fact  which  I  name  chiefly 
because  it  was  the  only  refusal  I  met  with  in  the  course  of  my 
inquiries.  Among  other  leading  companies  engaged  in  this  industry, 
the .   Midvale    Company     most     kindly     gave     me    access    to    their 
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important    works,  and    readily   answered    all    questions    put   relative 

thereto. 

The  Crescent  Steel  Works. 

Before  proceeding  to  deal  with  Midvale,  I  will  put  on  record 
some  data  relative  to  the  works  of  the  Crescent  Steel  Company. 
These  works  extend  to  about  9^  acres  of  ground  in  the  City. 
of  Pittsburg,  one  side  extending  along  the  Allegheny  River  and  the 
other  skirting  the  lines  of  the  Pennsylvania  Railway.  The  company 
employs  both  the  crucible  and  the  open-hearth  systems  of  manu- 
facture, the  former  plant  consisting  of  the  necessary  converting 
furnaces  and  five  melting  furnaces  of  the  regenerative  type,  which 
have  a  daily  capacity  of  50  tons.  One  of  these  is  a  60-pot 
furnace,  and  it  is  claimed  that  this  is  the  largest  crucible  furnace 
in  operation  anywhere.  The  company  employ  Swedish  bar  iron  for 
the  finest  qualities  of  crucible  steel,  and  their  rolling  mill  plant 
consists  of  1 1  mills  in  which  are  rolled  sheets,  bands,  rods,  wire, 
coil-springs,  and  other  productions.  The  largest  is  a  14-inch  mill, 
and  there  are  two  sheet  and  one  cold-rolling  mills. 

The  structural  features  of  the  works  include  a  large  machine  shop, 
driven  entirely  by  electrical  power,  and  an  ironfoundry  in  which  the 
company  make  their  own  iron  for  the  converting  furnaces  and  crucibles. 
Those  who  were  privileged  to  visit  the  Paris  Exhibition  of  1900 
must  have  been  struck  with  the  fine  display  made  by  the  company, 
which  is  one  of  the  most  enterprising  and  aggressive  in  the  States. 
In  that  exhibit  the  company  showed  upwards  of  6co  finished  articles, 
comprising  ico  different  kinds  of  tools  and  appliances,  shown 
collaterally  with  the  products,  which  had  been  contributed  by  about 
120  American  steel  consumers. 

The  Midvale  Steel  Works. 

Another  of  the  most  important  crucible  steel  works  in  the  United 
States,  to  which  I  was  introduced  by  my  old  friend,  Mr.  R.  Davenport, 
formerly  general  manager  of  the  Bethlehem  Steel  Company,  were  those 
of  the  Midvale  Compan\',  situated  at  Xicetown,  a  few  miles  outside  of 
Philadelphia.  This  is  in  some  respects  one  of  the  most  important 
works  in  the  country,  and  it  is  probably  wholly  so  in  reference  to 
the  large  number  of  specialities  which  it  produces.  Both  the  crucible 
and  the  open-hearth  processes  of  manufacture  are  carried  on,  including 
acid  and  basic  open-licarth,  in  these  plants.  The  principal  products 
of  the  compan}'  arc  steel  forgings  and  castings,  tyres,  axles,  projectiles, 
and  shafting.  The  crucible  steel  manufactured  runs  the  British 
product  hard  in  the  American  market,  as  does  that  of  the  Crescent 
Company  alreadx'  referred  to.  The  works  extend  over  53  acres 
of  land  within  the  municipal  limits  of  the  Quaker  City,  and  I  was 
informed  that  the  land  is  worth  15,000  dols.  an  acre,  which  would 
make  the  site  worth  not  less  than  795,000  dols.  The  Midvale 
Company  claims  to  have  made  the  first  steel  tyres  produced  in 
the  United  States,  about  the  year  1867,  as  well  as  the  first  open- 
hearth  steel,  and  the  first  high-power  and  built-up  steel  guns. 

The  two  principal  departments  of  the  Midvale  Works  are  the  steel 
foundry  and   the  machine  shop.     In    the   former,  which   employs   300 
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hands,  there  are  three  open-hearth  furnaces,  served  by  electric  cranes, 
and  producing  steel  as  required  in  large  and  small  ingots,  suited  to 
different  purposes.  The  Midvale  Company  have  done  much  to  extend 
the  use  of  castings  to  purposes  that  were  formerly  served  by  forgings, 
such  as  gun  mounts,  parts  of  machinery,  locomotive  wheel  centres,  etc. 
Moulding  machines  are  employed  to  a  considerable  extent,  as  well 
as  the  sand  blast  for  cleaning  the  castings,  and  pneumatic  chippers. 
Castings  up  to  40  and  50  tons  have  been  made  in  the  foundry^ 
including  some  of  the  largest  parts  required  for  the  large  press 
of  the  Carnegie  Steel  Company.  Basic  steel,  of  which  the  output  is 
limited  to  one  small  furnace,  against  seven  acid  open-hearth  furnaces, 
is  used  for  the  manufacture  of  castingrs  for  electrical  work,  in  which 
low  manganese  and  silicon  are  required. 

Of  crucible  steel,  the  Midvale  Company  manufacture  eight 
principal  grades,  four  under  the  head  of  "  Midvale  Regular,'*  two 
under  the  head  of  "  Midvale  Special,"  and  two  under  that  of 
**  Midvale  Extra."  These  are  all  catalogued  and  issued  to  users, 
according  to  the  different  uses  to  which  it  is  found  in  practice  they 
are  best  suited.  The  company  issue  to  all  their  users  directions 
for  forging  and  working  different  steels.  They  also  produce  a  so- 
called  self-hardening  steel,  for  which  they  claim  that  *'  it  is  easily 
forged,  and  that  more  elaborate  shapes  can  be  made  from  it  than 
from  any  other  self-hardening  steel  on  the  market."  One  would 
like  to  hear  what  the  established  Sheffield  steel  manufacturers 
have  to  say  on  this  claim. 

In  the  crucible  steel  practice  of  Midvale,  as  of  the  United  States 
generally,  2,000  lbs.  per  day  is  considered  a  fair  output  per  hole  in 
a  single  shift  of  12  hours.  There  is  little  to  distinguish 
American  from  British  crucible  steel  making,  if  wc  except  the  fact 
that  in  the  United  States  anthracite  coal  or  natural  gas  are  largely 
used  as  fuels  in  the  place  of  coke,  the  usual  fuel  employed  in 
English  works. 

The  Midvale  Company  have  applied  basic  steel  to  the  produc- 
tion of  both  castings  and  forgings,  but  I  was  informed  that  it  had 
been  discontinued  for  forgings  because  it  did  not  answer  the  needful 
requirements.  The  explanation  given  of  this  fact  by  the  manager  was 
the  slag  that  is  held  in  suspension  in  the  steel.  For  ordinary  structural 
purposes,  basic  steel  is  found  satisfactory.  Buill-up  crank  shafts  are 
supplied  when  ordered,  and  a  department  is  assigned  to  their  production. 

For  the  tempering  of  both  castings  and  forcings,  the  Midvale 
Company  have  two  of  the  largest  plants  in  the  United  States — the 
one  equipped  with  a  tank  100  ft.  in  depth,  in  which  guns  of  the 
largest  size,  shafts  of  all  dimensions,  and  other  heavy  forgings  are 
annealed  ;  and  the  other  a  tank  60  ft.  deep  for  shorter  and  smaller 
objects.  There  are  two  smaller  tanks  for  yet  smaller  productions. 
I  was  informed  by  the  manager  that  the  filling  with  oil  of  the 
largest  tank  involved  an  expenditure  of  40,000  dols. 

The  forge  at  Midvale  embraces  a  large  rolling  mill,  with  a  12-in. 
train  ;  three  tyre  mills,  where  tyres  of  different  sizes  are  rolled  ;  one 
roughing  and  one  finishing  mill  for  general  work,  and  two  iron- 
rolling  mills. 
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The  projectile  department,  which  is  one  of  the  largest^  is  fitted  up 
with  the  necessary  plant  to  enable  the  well-known  Holtzer  process, 
as  carried  on  at  Unieux,  in  France,  to  be  applied.  This  process 
has  been  in  operation  here  for  upwards  of  lo  years.*  Nickel  steel, 
produced  at  the  works,  is  largely  employed  for  shafting. 

In  the  gun  department,  the  company  make  up  to  13-inch  guns, 
which  is  the  largest  size  used  in  the  Navy  of  the  United  States, 
excepting  an  experimental  i6-in.  gun.  The  company  also  make  6-in. 
armour. 

The  Midvale  machine  shops,  like  those  at  Bethlehem,  which  I  also 
had  the  opportunity  of  examining,  are  of  large  extent,  and  produce 
an  infinite  variet\'  of  work  in  good  style.  There  are  altogether  four 
machine  shops,  including  two  of  large  dimensions,  which  were  being 
built,  and  almost  ready  for  being  roofed  in  at  the  time  of  my  visit. 
What  is  known  as  No.  i  shop  is  devoted  to  the  rough  machining  and 
turning  of  tyres,  axles,  etc.,  while  No.  2  is  devoted  to  the  more  com- 
plete finishing  of  these  and  other  descriptions  of  work,  including  g^n 
carriages.  One  of  the  new  shops  will  be  devoted  to  the  building 
of  marine  engines,  etc.  The  principal  shop  is  commanded  by  three 
electric  cranes  at  different  levels,  and  is  altogether  a  very  fine 
structure,  while  it  is  hardly  necessary  to  add  that  in  this,  as  in  all 
the  machine  shops  of  the  company,  the  equipment  is  fully  up  to 
date,  some  of  the  machine  tools  supplied  by  Philadelphia  being 
unique  of  their  kind.  A  feature  of  the  plant  is  the  large  use  of 
pneumatic  drills,  worked  with  an  air  pressure  of  50  to  60  lbs. 

The  Midvale  Company,  I  was  told,  run  every  machine  they  have 
for  all  it  is  worth.  The  company  do  not  recognise  trade  unions, 
and  have  no  trouble  with  unionists.  In  giving  out  work  to  the 
different  shops,  they  make  use  of  books  in  which  the  speeds  and 
the  feed  of  each  machine  arc  set  out,  assigning  the  speed  at  which 
each  piece  of  work,  according  to  its  diameter,  is  to  be  machined. 
Each  expert  workman  is  provided  with  a  helper,  who  replaces 
tools,  etc.,  and  is  expected  to  do  a  large  part  of  the  heavier  work. 
Some  of  the  forms  used  at  Midvale  in  giving  out  work  are  printed 
in  the  Appendix.  It  will  be  noted  that  in  the  forms  issued  for  the 
machine  shop  the  workman  has  only  the  rough  dimensions  for 
a  guide.  On  these  being  ascertained,  the  estimating  department 
gives  the  workman  both  a  high  rate  and  a  low  rate,  and  he  is  paid 
according  to  the  manner  and  time  in  which  he  gets  out  his  work. 
Eight  men  of  long  experience  are  engaged  in  fixing  up  these  rates, 
and  all  estimates  are  centralised,  as  far  as  possible.  The  work  is 
largely  done  on  the  piece  s\steni,  and  premiums  are  given  for 
specially  good  results. 

The  Midvale  Comjiany  appear  to  possess  an  exceptionally  in- 
dustrious, sober,  and  capable  body  of  workmen,  which  is,  no  doubt, 
mainly  the  result  of  their  being  located  in  a  city  where  industry, 
intelligence,  and  sobriety  are  common  characteristics,  and  to  which 
workmen  are  generally  attached  by  the  circumstances  of  its  being' 
what  is  known  as  *' a  city  of  homes."     Most  of  the  responsible  work-, 

*    The  Unieux  process  is  <lcscribcd  in  the  Journal  of  the  Inn  ami  S/ff/  Instiiute  for  iSKpb 
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men  possess  their  own  houses,  and  live  in  unusual  comfort,  the  rate 
of  wages  generally  paid  enabling  this  to  be  done.  The  hours  of 
work,  as  at  most  of  the  other  establishments  in  Philadelphia,  are 
from  6.30  a.m.  to  12,  and  from  12.30  to  5.10.  Some  of  the  shops, 
however,  are  worked  regularly  both  day  and  night.  The  general 
rules  affecting  labour  at  Midvale  are  published  in  the  Appendix. 

The  care  which  is  taken  of  workmen  at  Midvale  is  perhaps  some- 
what exceptional,  but  not,  on  the  whole,  greater  than  I  have  found 
at  some  other  establishments.  In  the  first  place,  the  company  attach 
importance  to  a  good  education,  and  hence  I  found  that  every  man 
in  a  really  responsible  position  was  a  college  graduate.  Those 
apprentices  who  have  not  had  the  advantage  of  a  good  education 
are  encouraged  to  identify  themselves  with  the  Franklin  Institute, 
where,  for  a  sum  of  5  dols.,  they  can  have  two  lessons  per  week 
regularly  in  drawing,  etc.,  for  a  term  of  1 5  weeks,  the  company  paying 
the  fees. 

In  order  to  encourage  men  to  remain  in  their  service  and  to  earn  the 
reputation  of  being  steady. and  capable,  the  company  provide  pen- 
sions or  retiring  allowances  to  men  who  are  no  longer  -fit  for  work, 
varying  according  to  the  length  of  service,  and  on  a  liberal  scale, 
the  highest  rate  of  wages  received  during  the  term  of  actual  service 
being  taken  as  the  basis  of  the  pension.  There  are  now  35  to  40 
men  in  this  category. 

In  the  Appendix  will  be  found  the  principal  rules  of  the  Mid- 
vale Beneficial  Association,  which  will  serve  to  convey  an  idea  of  per- 
haps the  best  form  of  organisation  of  its  kind  to  be  found  in  the 
United  States.  It  will  be  noted  that  this  scheme  practically  pro- 
vides for  sickness,  accident,  incapacity,  and  any  other  necessity  of  the 
.  workmen,  on  what,  relatively  to  the  wages  paid,  do  not  appear  to  be 
onerous  terms. 

The  managing  director  of  the  Midvale  Works  is  Mr.  C.  J.  Harrah, 
the  manager  Mr.  A.  Petre,  and  the  assistant-manager  Mr.  H.  D. 
Booth. 

In  Pittsburg  I  learned  that  a  great  development  is  shortly  about 
to  take  place  in  the  manufacture  of  tool  steel,  when  the  works  of  the 
Colonial  Steel  Company  at  Monessen  are  completed,  in  the  early  months 
of  1902.  This  company  is  to  devote  itself,  mainly  to  high-grade  tool 
steel  ;  and  an  idea  of  its  importance  may  be  formed  by  the  fact  that 
the  main  building  is  700  ft.  long  by  150  ft.  wide,  while  the  works 
have   an  area  of  about  40  acres. 


General  Situation  of  the  Crucible  Steel  Industry. 

The  crycible  steel  industry  is  still  one  of  considerable  extent, 
although,  of  course,  of  less  relative  importance  than  formerly.  At  the 
end  of  1901,  according  to  Mr.  Swank,  there  were  45  works  in  the 
United  States  producing  this  description  of  steel,  with  a  total  capacity 
of  175,000  tons  a  year,  and  employing  2,896  steel-melting  pots,  against 
2,952  pots  in  1898.     The  industry  is  therefore  declining  in  importance. 

The  principal  works   engaged  in  this  industry  are  those  of  Park 
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Brothers — the  Black  Diamond, — with  498  pots ;  the  Crescent  Works, 
with  180  pots  ;  the  Aliquippa  Works,  with  108  pots  ;  Howe,  Brown 
&  Company,  with  204  pots  ;  the  works  of  Sanderson  Brothers,  with 
144  pots  ;  La  Belle  Steel  Works,  with  120  pots  ;  the  Pittsburg  Steel 
Works,  with  66  pots  ;  and  the  works  of  Singer,  Nimick  &  Company, 
with  an  annual  capacity  of  13,200  tons  of  ingots.  All  these  works 
are  constituents  of  the  Crucible  Steel  Company  of  America. 

Besides  these,  however,  there  are  a  number  of  important  independent 
concerns,  including  the  Pittsburg  Steel  Works,  with  66  pots  ;  the 
Cyclops  Works,  with  36  pots  ;  the  P'irth-Sterling  Works,  with  60  pots  ; 
the  Jupiter  Steel  Works,  with  72  pots  ;  the  Keystone  Works,  with 
102  pots  ;  Kidd  Brothers,  of  Aliquippa,  with  60  pots  ;  the  Carpenter 
Steel  Company,  with  120  pots  ;  and  the  Braeburn  Steel  Company, 
with  60  pots ;  mostly  in  the  neighbourhood  of  Pittsburg.  The  plant 
of  the  Midvale  Steel  Company,  near  Philadelphia,  which  is  also 
extensive,  is  not  recorded.  While  these  works  are  all  in  Pennsyl- 
vania, there  are*  other  independent  crucible  steel  works  in  New  York, 
Connecticut,  Massachusetts,  New  Jersey,  Ohio,  Illinois,  Wisconsin, 
and  Indiana. 

Outside  of  the  State  of  Pennsylvania,  the  principal  strength  of  the 
Crucible  Steel  Company  of  America  appears  to  be  in  New  Jersey, 
where  they  control  the  works  of  the  Atha  Steel  Company,  126  pots, 
and  those  of  the  Bergen  Steel  Works,  144  pots.  Even  in  New  Jersey, 
however,  there  arc  several  independent  works,  with  50  to  70  pots  each, 
and  in  New  York  there  are  the  Chrome  Steel  Works  at  Brooklyn,  with 
54  pots. 

On  the  whole,  it  may  be  said  that  while  the  Crucible  Steel  Company 
of  America  controls  a  large  proportion  of  the  bigger  works,  there  is 
still  a  considerable  independent  residuum,  which  is  being  increased  by 
new  plants. 

The  steel-melting  furnaces  employed  in  American  practice  do  not 
differ  much  from  those  made  use  of  in  Great  Britain.  Their  usual 
dimensions  are  suited  to  take  24,  30,  and  42  pots  each.  In  some 
rather  exceptional  cases  there  are  60-pot  furnaces,  and  the  Park  Steel 
Company  have  seven  to  contain  48  pots  each.  At  the  Park  Company's 
works  there  are  altogether  12  steel-melting  furnaces  for  498  pots. 
Sanderson  Ikothers,  for  144  pots,  have  four  24-  and  four  1 2-pot  melting- 
furnaces. 

I  learned  that  there  is  still  in  some  quarters  a  considerable 
demand  for  Ikitish  tool  steel  of  the  highest  grades,  and  most  of  the 
leading  Sheffield  firms  are  represented  by  agents  in  the  United 
States.  As  is  well  known,  also,  several  Sheffield  firms  have  lately 
founded  works  in  the  United  States. 

*  I^irfitory  of  the  Iron  and  Steel  Works  of  the  United  States ^  \\  15. 


H,— THE  MANUFACTURE  OF  FORCINGS  AND  WAR 

MATERIAL, 


Qeneral  Remarks. 

It  goes  without  saying  that  in  a  country  that  possesses  so  vast 
a  mechanical  industry  as  the  United  States,  the  manufacture  of 
forgings  is  a  business  of  immense  importance.  There  are  very  few 
pieces  of  machinery  for  which  forgings  are  not  required.  They  also 
enter  into  the  production  of  war  material  of  different  kinds,  includ- 
ing armour  plates,  guns,  and  projectiles.  The  extent  of  the  use  of 
steel  forgings  for  shipbuilding  purposes  is  in  Great  Britain  much 
more  considerable  than  in  the  United  States,  although  in  the  latter 
countr)',  the  recent  important  additions  made  to  the  navy  have 
created  an  increased  demand  for  forgings,  and  increased  attention  to 
their  production. 

There  is,  however,  no  record  of  the  extent  to  which  the  manu- 
facture of  steel  forgings  is  carried  on  in  the  United  States.  Nor  is 
there  any  available  record  of  the  international  movement  in  this 
branch  of  manufacture.  The  American  Iron  and  Steel  Association 
do  not  publish  statistics  of  the  former,  nor  do  the  Government  of 
the  United  States  publish  returns  of  the  latter.  Of  war  material, 
however — and  especially  armour  plates — the  information  as  to  output 
is  much  more  complete  ;  sufficiently  so  to  enable  us  to  know  that 
the  capacity  of  the  two  works  engaged  in  this  branch  of  industry  is 
relatively  small. 

The  principal  tools  employed  in  the  manufacture  of  forgings 
continue  to  be  the  steam  hammer  and  the  forging  press.  In  respect 
of  these  tools,  I  have  no  reason  to  believe  that  the  United  States 
are  in  any  particulars  of  real  concern  ahead  of  our  own  country. 
It  is  true  that  nothing  in  Great  Britain,  nor,  indeed,  in  the  world, 
could  equal  the  size  and  power  of  the  steam  hammer  erected  at 
Bethlehem  Works  in  1893,  ^^^  many  authorities  are  now  disposed 
to  look  upon  the  steam  hammer  as  an  effete  appliance,  and  to 
attach  much  more  importance  to  the  hydraulic  press.  There  arc  two 
presses  of  great  power  in  the  United  States — the  one  at  the  Home- 
stead Works  of  the  Carnegie  Steel  Company,  which  claims  to  exert 
a  pressure  of  16,000  tons,  and  a  similarly  powerful  press  is  in 
operation  at  the  Bethlehem  Works — these  being  the  only  two  works 
in  the  United  States  at  which  armour  plates  arc  produced  ;  but  I 
have  been  informed  by  a  representative  of  the  Whitworth  firm  in 
Manchester — and  that  firm  was  responsible  for  both  the  American 
presses — that  the  largest  hydraulic  press  hitherto  constructed  is  to  be 
found  at  the  Manchester  works  of  the  Armstrong-Whitworth  Com- 
pany, and  that  it  is  certainly  a  good  deal  more  powerful  than  those 
of  either  the  Carnegie  Steel  or  the  Bethlehem  Iron  Companies  in  the 
United  States. 

Apart  from  the  forging  of  war  material,  steel  has  been  largely 
used  in  the  forging  of  pieces  for  electric  and  other  engineering  plant, 
and  many  works  have  provided  more  or  less  special  plant  lor  that 
purpose.      Speaking    generally,  however,   I    cannot    say    that  I    came 
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across  anything  in  this  branch  of  the  steel  industry  that  struck  me 
as  "  giving  points "  to  our  own  manufacturers,  if  I  except  an 
incidental  improvement  in  the  material  employed  for  producing  tool 
steel,  by  what  is  known  as  the  Taylor- White  process,  as  practised 
at  the  works  of  the  Bethlehem  Steel  Company.*  So  much  has 
been  said  of  this  process  in  the  technical  Press  that  I  need-  not 
describe  it  here.  I  was,  however,  informed  that  a  similar  process  is 
practised  at  the  Mid  vale  Steel  Works,  elsewhere  described,  where 
forgings  are   produced    on  a  large  scale. 

The  Bethlehem  Steel  Works. 

The  works  of  Bethlehem  were  the  first  to  which  my  colleagues  and 
myself  were  favoured  with  a  special  invitation,  and  they  were  also  the 
first  that  we  visited  in  a  collective  capacity.  We  spent  a  whole  day 
going  over  this  well-known  and  notable  establishment,  which  was 
founded  in  i860,  started  iron  mills  in  1863,  established  Bessemer  plant 
in  1873,  when  it  was  the  chief  rail-producing  plant  in  the  United 
States,  added  an  open-hearth  plant  in  1888,  introduced  the  Whitworth 
system  of  fluid  compression  some  years  later,  produced  the  first 
armour  plates  rolled  in  the  United  States  under  modern  conditions, 
about  1890,  and  has  for  a  number  of  years  past  specially  devoted  itself 
to  producing  steel  forgings,  more  especially  in  the  form  of  guns,  projec- 
tiles, crank  shafts,  and  other\vise. 

The  Bethlehem  Works  arc  situated  in  the  Lehigh  Valley,  nearly 
100  miles  from  New  York,  and  were  originally  founded  with  a  view  to 
the  making  of  pig-iron  from  the  ores  of  Pennsylvania,  New  York,  and 
New  Jersey,  but  for  many  years  past  they  have  chiefly  smelted  foreign 
ores,  imported  from  Cuba,  Spain,  or  other  countries. 

The  general  features  of  the  plants  do  not  appear  to  call  for  remark 
for  the  bulk  of  the  work  produced,  especially  as  they  are  not  at  all 
likely  to  compete  with  Great  Britain,  although  they  have  competed  in 
Russia  for  armour  plates  under  conditions  that  were  a  good  deal  talked 
about  at  the  time. 

Some  years  ago,  the  Bethlehem  Company  erected  a  magnificent  plate 
mill,  with  the  idea  of  going  largely  into  the  manufacture  of  plates,  but 
the  competition  of  rival  concerns  at  home,  and  the  belief  that  more 
special  products  pay  better,  led  them  to  sell  the  plate  mill  to  the  Carnegie 
Steel  Company,  and  it  now  forms  part  of  the  equipment  of  the  Home- 
stead Works,  near  Pittsburg.t 

The  Bonus  Labour  System. 

Since  the  Bethlehem  Works  do  not  now  profess  to  produce  any 
of  the  ordinary  descriptions  of  competitive  merchant  steel^ — rails,  plates, 
etc., — our  attention  had  to  be  limited  to  their  specialities  as  a  steel- 
founding  and  engineering  concern,  which  is  practically  the  position  they 
now  occupy.  But  we  were  also  much  interested  in  the  system  under 
which  the  Bethlehem  Works  are  carried  on  from  the  labour  point  of  view. 

•  I  am    informed    that  Messrs.  Vickers,  Son>    vV  Maxim  have   acquired    the  control   of 
this  process  in  Great  Britain. 

+  See  section  on  Steel  Plates,  page   134. 
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As  to  the  carniiiys  of  the  men  employed  in  the  machine  shops 
at  Bethlehem,  the  manager  said :  "  We  have  the  bonus  system  in 
operation  here,  and  find  it  answers  very  well.  Indeed,  about  20  per 
cent,  of  our  men  draw  bonus  money.  Common  labour  is  paid  \'2$  dols., 
and  the  average  of  all  in  the  machine  shop  is  2'6o  dols.  i)er  day,  which 
has  gone  up  recently  from  an  average  of  2-2$  dols.  Taking  the 
mechanics  throughout  the  country  generally,  a  rough  average  of  to-day 
would  be  3'6o  dols.  per  day,  agaiasC  240  to  2'50  a  year  ago.  At 
Bethlehem,  the  men  in  the  machine  shop  will  earn  from  40  to  55  cents 


per  day  more  than  their  regular  wages,  and  the  foreman  will  average 
10  to  20  cents  more,  because  of  the  bonus  system.  We  pay  our 
workmen  by  the  day,  but  set  a  measure  of  work  for  each,  which  is 
determined  by  experienced  men  on  the  basis  of  what  has  been  done 
before.  Thus  in  shop  work,  if  we  .set,  say,  four  holes  for  a  man  to  drill 
in  a  given  time,  and  he  docs  five  holes,  he  has  a  bonus  on  2i  hours. 
The  shops  are  divided  into  groups  of  tools.  The  same  bonus  system 
is  applied  at  the  machine  shops  of  Hcment.  .Miles  &  Company  and 
W.  Sellers  &  Company,  of  Philadelphia,  and  at  the  Baldwin  Loco- 
motive Works.  The  basix  of  the  system  is  to  pay  the  workman 
one-half  of  the  value  of  the  work  lie  does  in  o.\cess  of  the  measure 
set  him.  This  is  an  excellent  way  of  determining  the  efficiency  of  the 
workmen.     Many  men  do  not  earn  any  bonus,  and  of  course  they  arc 
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not  rc^^ardecl  as  bcin[^  sucli  i^ood  workmen  as  those  who  do.  If  a  man 
complains  that  the  task  set  him  is  too  much,  we  put  on  another 
man  to  show  that  it  can  easilv  be  done. 

The  Taylor-White  Process. 

"  Since  we  adopted  the  Taylor- White  process  all  our  tools  have  been 
considerably  speeded  up,  as  that  system  enables  much  larger  shavings 
to  be  taken  from  the  forcings  or  other  work  in  hand,  and  thus  makes  a 
larger  daily  output  possible,  without  the  tools  suffering  from  the  heat. 
The  increase  of  speed  is  generally  2  or2i  to  i ,  but  of  course  in  the 
time  occupied  in  changing  tools,  etc.,  there  is  no  economy." 

At  Bethlehem,  the  text,  *'  i^v  their  deeds  ve  shall  know  them " 
appears  to  be  rendered  "  By  their  chips  ye  shall  know  them,"  for  the 
foremen  judge  the  skill  and  capacit}'  of  a  workman  by  the  size  of 
his  chips.  In  using  tools  manufactured  of  Taylor- White  steel,  the 
chips  should  be  entirely  different  to  the  ordinary  chips  known  in 
l^nglish  practice,  and  if  they  are  not  sufficiently  blue  in  colour,  the 
inference  is  that  the  man  is  not  working  his  tool  at  a  sufficiently  high 
speed.  No  limit  is  placed  upon  the  number  of  tools  a  man  may 
have.  He  gets  all  the  tools  he  wants,  and  they  are  all  ground  for 
him,  so  that  no  time  is  lost  in  this  operation.  The  tools,  it  may  be 
added,  are  ground  in  two  special  machines,  by  emery  and  carborundum. 

Standardisation  of  Tools. 

The  tools  at  Bethlehem  are  all  standardised,  as  to  .shape,  clearance^ 
etc.  Man}'  experiments  are  made  from  time  to  time  to  determine  what 
the  tools  will  .stand.  The  life  of  a  tool,  of  course,  mainly  depends 
on  the  composition  of  the  steel,  and  this  and  other  considerations 
are  alwa\s  allowed  for  in  the  rate  of  speed  fixed.  As  the  manager 
remarked  to  me,  "  We  don't  expect  a  workman  to  do  as  much  work 
on  nickel  steel  as  on  steel  of  ordinary  composition."  I  visited  the 
tool-rc)oni  attached  to  the  Bethlehem  shops,  where  I  saw  over  6,00a 
tools  in  stock,  all  classified  and  sorted  according  to  their  uses,  etc. 

The  Bethlehem  Company  chicfl)-  manufacture  guns,  armour,  and 
large  forgings  general Iw  They  have  constructed  4-in.,  6-in.,  lo-in.^ 
i2-in.,  15-in.,  16-in.  ancl  18-in.  steel  guns,  and  they  were  the  first  in 
the  United  States  to  manufacture  armour  plates,  for  which  they  then 
provided  a  120-ton  steam  hammer,  a  model  of  which  was  one  of  the 
tours  dc  force  at  the  Chicago  Kxhibition  of  1893,  '^^^^  afterwards  a 
hytlraulic  press  of  14,000  tons  capacit\'  on  the  Whitworth  system, 
which  is  still  claimed  as  the  most  powerful    in   the  world. 

The  company  at  the  time  of  our  visit,  were  producing  a  hollow 
steel  forged  crank  shaft,  with  nine  eccentrics  and   13   different  centres,  I 

all  in  one  solid  piece,  which   is  a  fair  example  of  their  skill  in  excep- 
tionalh'  difficult  work. 

The  Engineering:   Shops. 

One  of  the  most  striking  of  man\'  striking  things  that  came  under 
my  notice  in  visiting  American  works  was  the  engineering  shop  of 
the    Bethlehem    Steel    Co:npan\',    which    i^  about   a  quarter  of  a  mile 
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in  length,  or,  exactly,  1,550  ft.  by  120  ft.  in  three  aisles,  the  centre  one 
being  of  60  ft.  span.  This  shop  Is  altojjethcr  phenomenal — alike 
in  its  size,  its  equipment,  its  methods,  and  the  work  on  hand.  Its 
equipment  embraces  some  of  the  largest  and  finest  tools  in  the  world, 
including  a  planer  52  ft.  long  by  13  ft.  4  in.  wide  (which  is  the 
largest  I  remember  to  have  seen),  and  worked  at  a  siK:ed  of  18  to 
19  ft.  per  minute  ;  a  boring  machine,  14  ft.  wide,  between  columns,  and 
19  ft.  high,  of  the  Bcment  &  Miles  type,  and  capable  of  boring  at 
any  angle ;  a  .special  tool  for  cutting  up  ingots,  with  four  cutting  tools, 
and  three  rests  on  each  side  ;  and  others  almost  equally  noticeable. 
As  regards  methods,  I  may  take  leave  to  doubt  whether  in  any  shop 
of  itf.  limd,  the  tools  generally  are  so  high  speeded  as  here,  and,  indeed, 


most  of  the  lathes  have  lately  had  to  be  re-designed  in  order  to  provide 
for  the  higher  speeds  that  have  followed  upon  the  intro<lucticjn  of  the 
Taylor-White  process.  It  is  the  practice  here  for  certain  purposes  to 
trepan  out  the  ingots  with  a  bore  at  both  ends  by  hydraulic  ])ressure, 
and  we  saw  such  holes  being  bored  up  to  16^  in.  diameter,  for  a  gun 
tube.  Trunnion  bands  are  fori;ed  hollow,  the  trunnion  being  drawn 
out  of  the  ingot.  Shafts  are  bored  at  the  rate  of  7  in.  per  hour,  for 
a  6-in.  hole,  the  boring  being  done  at  the  .same  rate  at  each  encl.  The 
newest  mill  provided  for  this  class  of  work  is  electrically  driven  and 
has  cut  gears  throughout.  Shafts  are  in  some  cases  bored  at  the  rate 
of  10  ft.  per  day,  the  .speed  varying  with  the  ciimjiosition  of  the  slecl. 
Some  tools  were  seen  turning  up  complicated  cr.'uiks  with  all  iho 
eccentrics  on.     The  remarks  that  ha\e  been  made  as  to  the  speed  of 


J  So 
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and  planing  of  armcjur 
14  ft.,    and    wei^'hing 


wiirk  jiciicrally  Jipply  0'iuii!l\-  tn  tlic  drilling 
plates,  of  wliich  wc  sinv  sc\cral  1 1  ft,  b; 
33  t'liis,  under  trt-atnicnt. 

The  Bethlehem  Steel  Plant. 

riic  stcel-pi'oditcing  plant  at  Bothlehem  is  tS  a  more  or  less  special 

character,  and  adapted  to  mure  (^r  less  exceptional  work,  such  as  the 

manufacture   of    annoiir,  projectiles,   and    large   forginjjs.      There   are 

altoi,'ctlicr  in  the  steel-melting  department  eight  open-hearth  furnaces 
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oils  rapaeit\-,  some  acid  ami  some  basic.  They  arc  served 
electric  cranes,  and  an  eleelric  W'ellman  charging  machine. 
in^ot  hithen  '  pnidnced  has  been  one  of  f>C»  in.  diameter, 
riu'  steel  |)r.idiiccd  i-  luainlj-  ada)>tcd  l<i  meet  the  navy 
;,  uhich  are  So.ooo  lbs.  ten-ife.  ;,S,ocio  to  .(O.OOO  Ib.s.  clastic, 
Jilt,  to  ,:i.'  [ler  .eiil.  elongation,  the  three  basic  ojien-hearth 
doh.mite  and  ealciiied  limestone  t<.  gi\e  a  fusible  cinder. 
-f.Mim-lKvllIecolve. 

•teel  louiiclry,  «hich  ]in«lii.es  nbont  12  tons  per  day,  the 
\e  tiirneil  Mut  la-lings  ueighinL;  up  to  110.000  lbs.  The 
-  ;,(.  fl.  <!ee[.  by  n>  ft.  \\  ide  on   to]..  and    t(.   ft.  underneath 
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It  is  scneci  by  two   cranes,  each    of   7?   ti  ns  capiicity,   lx:si<lcs   two 
pneumatic  and  one  electric  50-ton  cranes,  .me  of  25  and  one  of  90  tons. 


The  castings  arc  produced  in  a  lar^'e  space  adjacent  to  the  npirn-hcarth 
furnaces,  but    under   the    same  rni.f,      'Ihere  are  t\\n  L;nni|JS  nf  open- 
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hearth  furnaces,  of  whicli  one  group  only  is  served  by  the  Wellman 
charger.  At  the  steel  works  and  at  the  engineering  shops,  the  bonus 
system  is  in  operation,  varying  according  to  the  class  of  steel  produced. 

At  l^ethlehem  I  was  informed  that  the  use  of  the  Wellman  charging 
machine  had  enabled  the  company  to  dispense  with  the  services  of 
about  20  men  at  the  four  furnaces  which  it  serves,  including  the  stock 
yard,  etc.,  and  making  allowance  for  the  men  who  are  now  called  in 
to  start  the  furnaces,  which,  being  done  simultaneously,  involves  calling 
in  the  occasional  services  of  1 2  to  15  labourers  besides  the  furnacemcn 
now  regularly  employed. 

Sunday  labour  is  common  and  is  paid  for  at  the  rate  of  time  and 
a  half.  My  colleagues  and  m}self  went  over  the  blast  furnace  plant 
at  Bethlehem,  and  witnessed,  among  other  things,  the  casting  of  pigs  by 
Uehling's  machine,  but  there  is  nothing  about  the  plant  to  call  for 
particular  notice. 

I  cannot  take  leave  of  the  Bethlehem  Works  without  acknowledging, 
on  my  own  behalf  and  that  of  my  colleagues,  the  very  hospitable  treat- 
ment accorded  us  by  all  the  officials,  and  the  kindly  authority  given  by 
Mr.  C.  M.  Schwab,  as  proprietor,  to  be  shown  over.  We  were  all  glad, 
also,  to  have  the  opportunity,  while  at  Bethlehem,  of  meeting  my  old 
friend,  Mr.  John  hVitz,  to  whom  the  Bethlehem  Works  as  a  whole  are 
a  notable  monument.     Si  iiiottunicntuvi  (jiucris,  circumspice  ! 
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CHAPTER     IX. 

Trusts  and  Consolidations. 


General  Remarks. 

During  the  last  few  years,  the  so-called  "  Trust "  movement  has 
bulked  largely  ill  the  industrial  affairs  of  the  United  States.  The  iron 
and  steel  industry  has  had  a  larger  share  of  the  attentions  of  the  trust 
promoters  than  almost  any  other,  and  probably  no  other  industry  is 
more  liable  to  be  affected  by  the  general  character  and  operations  of 
the  trust  movement  in  the  future.  Hence  it  appears  to  be  essential 
to  a  correct  understanding,  both  of  the  present  situation  and  of  the 
future  prospects  and  conditions  of  that  industry,  that  this  influence 
should  be  dealt  with. 

A  recent  writer  has  declared  that,  in  general,  '*  trusts  are  taken 
to  mean  manufacturing  corporations  with  so  great  capital  and  power 
that  they  are  at  least  thought  by  the  public  to  have  become  a  menace 
to  their  welfare,  and  to  have,  temporarily  at  least,  considerable  monopo- 
listic power."* 

There  are  many  different  methods  of  so  organising  industry  as  to 
limit  competition  at  home  anrl  widen  markets  abroad,  coincidently  with 
controlling  production  and  prices.  Some  of  these  that  have  been 
adopted  more  or  less  extensively  may  be  indicated  : — 

I. — The  system  of  pooling  all  contracts,  whether  on  national  or 
international  lines,  as  in  the  case  of  the  Rail  Association,  which 
flourished  in  Europe  about  20  years  ago. 

2. — An  agreement  under  which  each  manufacturer  contracts  to 
produce  only  a  certain  volume  during  the  year,  as  in  the  case  of  the 
German  Coke  Syndicate. 

3. — An  agreement  under  which  each  manufacturer  undertakes  to 
pay  an  assessment  on  each  unit  exported,  so  that  by  relieving  the 
home  market  of  its  surplus,  domestic  needs  can  be  remuneratively 
filled. 

4. — Definite  agreements  to  fix  the  price  of  the  product  or  divide 
the  markets,  which  are  very  common,  but  rarely  last  long. 

5. — The   assignment  of  interests  in  different   corporations  or  firms 

*  The  Trust  ProhJeni^  by  Jeremiah  W.  Jenks,  p.  8. 
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concerned,  to  a  certain  number  of  trustees,  giving  power  of  attorney 
to  vote  the  stock   as  they  may  see  fit. 

6. — The  establishment  of  separate  corporations,  as  in  the  case  of 
the  Standard  Oil  Company,  under  which  the  holders  of  trust  certifi- 
cates are  given  shares  pro  7'ata  in  each. 

7. — A  voting  trust,  usually  applying  onh'  to  one  corporation. 

8. — A  form  of  organisation  owning  the  separate  plants  outright, 
leaving  the  legal  aspect  of  the  new  single  corporation  similar  to  that 
of  the  separate  corporations  which  preceded  it. 

The  earlier  and  more  elementary  form  of  trust  was  merely  an 
understanding  that  a  certain  number  of  comi)etitive  concerns  should 
agree  as  to  how  much  each  should  produce,  so  as  to  avoid  over- 
production, and  what  common  prices  should  be  charged  to  consumers 
so  as  to  secure  a  reasonable  profit,  but  in  all  other  respects  each  party 
to  such  an  agreement  was  left  absolutely  free. 

It  was,  however,  in  a  large  number  of  cases,  found  that  the  parties 
to  such  agreements  could  not  easily  be  kept  true  to  the  letter  and 
the  spirit  of  the  bond,  and  hence,  as  I  have  elsewhere  pointed  out, 
**  it  was  for  the  purpose  of  avoiding  such  possible  acts  of  bad  faith  on 
the  part  of  the  individucil  members  of  a  combination  that  the  American 
institution,  known  as  a  trust,  was  established."*  The  basis  of  this  system 
was  the  transfer  of  a  number  of  businesses  for  an  agreed  period  to  an 
executive,  who  ran  them  in  the  interests  of  tho  whole,  with  practically 
unlimited  authority. 

In  1889  I  wrote  in  The  Times  that  the  success  that  had  attended 
the  development  of  this  phase  of  the  trust  system  had  been  so  marked 
that  **  we  ma)*,  if  present  appearances  are  not  deceptive,  live  to  see 
the  fiKxl  that  we  eat,  the  clothes  that  we  wear,  the  railways  upon  which 
wc  travel,  the  ships  in  which  we  sail,  and  the  labour  which  we  employ, 
vvntrv^llcil  by  these  organisations."  Since  then  this  anticipation  has 
vx^uto  much  nearer  to  realisation  than  could  have  been  believed  pro- 
l\d>lc  at  that  time.  The  swstem  at  that  time,  however,  was  liable  to  be  put 
vlvutt  l*v  the  strong  arm  of  the  law,  both  in  Europe  and  in  the  United 
Malvs*"  1 1  Uxamc,  therefore,  necessary  for  the  trust  to  actually  own 
Uw  N.iiKHi^  properties  syndicated,  in  order  to  comply  with  the  law, 
wIkuvv   \\>iN  evolved   the  latest  type,  described  as  industrial  consolida- 

The  United  States  Steel  Corporation. 

\  »v^\\  attvl  as  yet  somewhat  unmeasured  force  was  introduced 
»u;v'  iK  vx'i^^'vOlion  of  the  United  States,  alike  for  home  and  for 
u»u.;»»  uai-vv^v  b>  the  consolidation,  in  the  winter  of  1901,  of  the 
N4...'.. .     M^'fva  v'N  \hat    now  constitute  the   United   States   Steel  Cor- 

u^ ...I.       IS.x  UsU    was  incorporated  in   February  of  that  year  with 

;u  U...U-.  i.vxi  ^.t:>iul  slock  of  1,100  million  dols.,  of  which  550 
.;.::t.«.i    V,  ^      V    '    tvt   cent,  cumulative   preferred,  and    550   millions 

.......,,.         t  ^^'     v\nporation    practically    owns    the    whole    of   the 

'i>.  I..         ...    X    ..»»v'tx"  tp.  oK  »"  Social  Questions  of  the  Day  Series. 

....    ,    ..   »...    vin>x  \»t  trusts  came  iiiulcr  the  old  .statutes  as  to  **  forestalling 
^         ^  \».....  4    V.  v\M4l    State    Legislatures    adopted   legislation    to  get   rid   ot 

V  .xlc  (.Vrl.  419)  probil)ils  any  combination  for  the  purpose 
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Stock  of  eight  previous  consolidations,  named  below,  and  of  the 
Carnegie  and  Lorain  Companies,  with  iron  ore  and  coal  mines, 
natural  gas  supplies  and  coke  works,  and  other  properties.  The  ostensi* 
ble  immediate  occasion  of  the  consolidation  was  the  intimation  that 
the  Carnegie  Company  had  arranged  to  extend  their  competitive  re- 
sources for  the  production  of  tubes,  etc.,  on  a  scale  and  in  a 
location  that  would  have  involved  detriment  to  existing  manu- 
facturing  interests. 

According  to  figures  collected  for  his  valuable  Directory  of 
the  Iron  and  Steel  Works  of  the  United  States,  and  of  which, 
during  my  stay  in  Philadelphia,  Mr.  James  M.  Swank,  the  courteous 
.secretary  of  the  American  Iron  and  Steel  Association,  handed  me 
an  advance  copy,  the  resources  possessed  by  the  United  States 
Steel    Corix)ration    arc    mainly  as    follows  : — 

KxTENT  OF  CArAcn  V  FOR  Makin<;  ri(;-ikON  ani>  Sikm.. 

Steel  Ingots. 

l*ig-iron.  liessemcr.         Open-hearth. 

Corporation.  Fonb.  Tons.  Tons. 

Carnegie  Steel  Company        2,74o,cxx5  ...  2,000,000  ...  i,f/x>,ooo 

Federal  Steel  Company            ...         ...  1,855,000  ...  1,760,000  ...  240,000 

National  Steel  Company         2,325,000  ...  2,100,000  ...  110,000 

National  Tube  Company         605,000  ...  480,000  ...  — 

American  Steel  and  Wire  Company  ...  1,030,000  ...  935»ooo  ...  365,000 

American  Steel  Hoop  Company         ...  500,000  ...  -  ...  lo.ooo- 

Republic  Iron  and  Steel  Company  ...  545,000  ...  350,000  ...  82,500 

Lorain  Steel  Company 400,000  ...  550,000  ...  — 

American  Sheet  Steel  Company          ...  ...  ...  247,000 

American  Bridge  Company      ...  -  -  ...  230,000 

Totals         ..         ...  ...     10,000,000     ...     8,175000     ...     3,184,500 

Of  finished  products,  the  productive  capacity  of  the  works  con- 
trolled by  the  United  States  Steel  Corporation  is  estimated  to  be 
as   under : — 

Tons  finished  ])roducts 
Carnegie  Steel  Company  ...         ...         ...         ...         ...         3,866,200 

Federal  Steel  Company...         ...         ...         ...         2,3^)0,000 

National  Steel  Company  ...         ...         2,000,000 

National  Tube  Company  ...         ...         ...         ...         ...  99C),ooo 

American  Steel  and  Wire  Company  ...         ...         ...         ...         2,645.000 

American  Steel  Hoop  Company  ...         ...  730.000 

American  Sheet  Steel  Company         ...         ...         ...         ...  920,550 

Republic  Iron  and  Steel  Company     1,043,000 

American  Tinplate  Company  (black  plates; 534i75o 

Lorain  Steel  Company ...         ...  506,000 

Shelby  Steel  Tube  Company   ...         ...         ...         44,^)00 

Troy  Works        ...         ...         ...         ...         ...         ...         ...  275,000 

Total         ...         ...  15,921,100 

The  estimate  of  capacity  in  finished  steel  is  so  much  in  cxces.s. 
of  the  capacity  of  output  in  pi^-iron  and  steel  ingots  that  1  was 
dis{x>sed  to  doubt  its  accurac}-  when  it  first  came  before  me,  and  I 
therefore    again    went    carefully    over    the    figures,    which,   however^ 
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appear  to  be  accurate,  according  to  the  information  given  to  Mr. 
Swank.  The  figures  sliow  that  the  capacity  of  output  in  finished 
steel  of  all  kinds  is  about  60  per  cent,  in  excess  of  the  capacity  in 
pig-iron,  and  nearly  40  per  cent,  above  the  capacity  in  steel  ingots. 
The  future  poh'cy  of  the  corporation  in  adjusting  these  differences 
has  not  yet  been  declared,  but  the  obvious  reflection  is  that  the 
powers  of  production  possessed  by  modern  rolling  mills  are  so 
•enormous   that   this    is   no   new   thing. 

In  the  following  table  I  have  abstracted  from  Mr.  Swank's  Direc- 
tory for  1901,  details  of  the  resources  possessed  by  the  Steel 
Corporation  in  certain  leading  products,  so  far  as  they  are  given : — 

J'ARTICULARS   OK   CaI'AC  ITV    FOR   MaNU  I- AC  IIRINM;   SomIC   LeADIN*!    PRODUCTS. 

Tinplatc  Works — liuilt  1 1,492,000  boxes 

„  „         Building     ...         312,000      „ 


Total      1 1,804,000  boxes 

Sheet  Works     Plain  and  Black  Sheets      ...  530,000  net     tons 

„  „  (talvanized  Sheets    ...         ...  160,000    „        „ 


n  >» 


Large  and  Small  Sheet  Bars  192,650  gross  tons 

Bridge-building  \\\)rks          441,200    „        „ 

Seamless  Drawn  Tubes         ...         ...         ...  63,000,000  feet 

Car  Axles          90,000  gross  tons 

Wire  Rods       ...         ...         ...                    ...  1,310,000      „       „ 

VT  IlCZ  •••  •••  •••  •••  •••  •••  ^iS^*')^^^^  99  99 

l^ipes  and  Tubes         ...         ...         ...         ...  976,000      ,.       „ 

k)  pi  tees    ...         ...         ...         ...         ...         ...  3^^^^^      ff      )) 

Wire  Nails       12,385,000  kegs  (100  lbs  ) 

Cut  Nails         550,000      „        „ 

So  far  as  raw  materials  are  concerned,  the  Steel  Corporation 
appear  to  have  secured  sufifici'^nt  supplies  to  guarantee  them  against 
possible  scarcity  or  i)robablc  high  prices  for  many  years  to  come. 
In  the  Conncllsville  region  they  have  18,000  coke  ovens  already 
built,  and  several  other  plants  arc,  or  were  at  a  recent  date,  in  course 
■of  construction,  while  they  claim  to  have  secured  three-fourths  of 
the  best  coking  coal  lands.  Not  only  so,  but  they  have  quite  lately 
purchased  large  tracts  of  coking  coal  land  in  other  regions  that 
will  supplement,  and  no  doubt  considerably  extend  the  life  of,  their 
Connellsville  supplies.  According  to  Mr.  Swank's  figures,  they  own 
nearly  two-thirds  of  the  mines  and  mining  output  in  the  Lake 
Superior  region,  having  4<S  mines  in  the  Mc.^aba,  24  mines  in  the 
Menominee,  1  i  mines  in  the  Gogebic,  15  mines  in  the  Marquette,  and  8 
mines  in  the  Vermilion  ranges,  or  106  mines  in  all.  In  some  of  the.se 
mines  they  onl\'  hold  a  part  interest,  but  of  many  of  the  most  pro- 
ductive and  im[)ortant  they  arc  the  absolute  owners,  l^^or  limestone 
supplies,  they  hold  several  large  })ropertics  in  different  parts  of 
Pennsylvania,  one  of  them   with  a  daily  capacity  of  4,500  ton.s. 

A  valuable  asset  of  the  corporation,  which  is  properly  ranked 
under  the  head  of  raw  materials,  is  the  large  interest  held  in  natural 
gas  supplies  and  plants  in  Pennsylvania.  In  and  around  Pittsburg, 
and  other  localities,  they  have  132  wells,  yielding  natural  gas  to  the' 
extent    of    11,000    million    cubic    feet    per  annum.       This   is   a   n)ost 
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important  addition  to  the  materials  at  the  disposal  of  the  company, 
as  natural  gas  is  not  only  an  economical  and  pure  fuel  in  itself, 
but  its  use  under  suitable  conditions  enables  a  good  deal  of  labour 
that  would  otherwise  be  required  for  stoking,  removing  ashes,  and 
other  purposes,  to  be  dispensed  with. 

In  Great  Britain,  many  manufacturers  are  familiar  with  the  fact 
that  even  the  most  desirable  and  ample  supplies  of  raw  material  are  liable 
to  be  discounted  without  suitable  and  moderately  cheap  transport. 
The  Steel  Corporation  have  taken  care  to  secure  this  desideratum 
both  on  land  and  on  water.  They  own,  or  they  hold  a  controlling 
interest  in,  five  lines  of  railway,  of  about  690  miles  in  extent^ 
-which  to  a  large  extent  renders  them  independent  of  outside  in- 
fluences on  rates.  They  also  control  about  forty  lake  ore  carrying 
vessels,  having  a  total  season's  capacity  of  about  3 J  million  tons  of 
ore.  And,  finally,  they  own  or  control  several  docks  at  Conneaut,  on 
Lake  Erie,  which  renders  them  independent  of  the  possible  caprice 
of  dock  or  shipping  companies. 

It  is  difficult  to  convey  to  the  average  mind  an  adequate  idea  of 
what  the  output  of  iron  and  steel  here  shown  represents.  Ten 
million  tons  of  pig-iron  represents  the  handling  of  probably  about 
30  million  tons  of  raw  materials  in  the  form  of  iron  ore,  coal 
and  coke,  and  limestone,  and,  assuming  ih  tons  of  coal  to  the  ton  of 
•coke,  it  would  mean  an  output  of  probably  15  million  tons  of 
•coal  alone.  Then,  a;:[ain,  the  production  of  about  iii  million  tons  of 
steel  ingots  and  nearly  16  million  tons  of  finished  steel  represent  opera- 
tions of  so  colossal  a  character  that  they  mark  a  new  epoch  in 
the  history  of  industry.  The  capacity  of  finished  steel  output  of 
the  Steel  Corporation  is  equal  to  the  total  actual  production  of  finished 
steel  in  the  whole  of  luirope,  and  is  nearl\'  60  per  cent,  more  than 
the  greatest  actual  annual  output  of  finished  steel  hitherto  reached 
in  the  United  States. 

While  these  are  the  leading  features  of  the  possessions  and 
resources  of  the  United  States  Steel  Cor[)oration,  as  gleaned  from  Mr. 
Swank's  recently  issued  Directory  and  from  other  sources,  it  must  not 
be  assumed  that  they  are  absolute!}'  up  to  date,  since  additions  to 
the  different  plants,  and  the  improvement  or  demolition  of  plants 
that  are  not  considered  suitably  located  or  up  to  date,  are  con- 
tinually in  progress,  and  the  conditions  necessarily  change,  not  only 
from  month  to  month,  but  almost  from  day  to  day. 

The  Steel  Corporation  had  hardly  been  established  when  it  under- 
took the  work  of  centralising  the  operations  of  the  various  constituent 
<:om panics  as  far  as  possible,  increasing  the  resources  of  the  larger 
plants  that  were  favourably  placed  for  particular  branches  of 
industry,  and  dismantling  the  smaller  plants  that  could  not  be  so 
economically  worked.  This  i)rocess  still  goes  on,  and  its  natural 
tendency  is  to  .secure  all  the  advantages  of  economy  of  production  on 
a  large  scale,  including  a  notable  reduction  of  the  costs  of  adminis- 
tration. 

The  Steel  Corporation  Considered  as  a  Monopoly. 

One  of  the  most  important  of  the  many  interesting  problems 
raised  by  the  establishment  of  the  Steel   Corporation   is  that  of  how 
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far  it  controls  the  iron  and  steel-producing^  capabilities  of  the  United 
States.  It  has  been  suggested,  and,  indeed,  distinctly  alleged,  that  the 
Steel  Corporation  controlled  so  large  a  share  of  these  resources  that 
it  held  the  future  of  the  American  iron  industry  in  the  hollow  of  its 
hand,  and  the  outlook  for  the  independent  manufacturer  has  been 
described  as  doleful  and  discouraging.  In  short,  the  question  raised 
amounts  to  this :  Is  the  Steel  Corporation  in  any  very  essential  aspect 
a  monopoly,  or  is  it  not  ? 

In  attempting  to  reach  a  reliable  conclusion  on  this  matter,  it  is 
important  to  distinguish  between  raw  materials  and  manufactured  or 
semi-manufactured  commodities.  The  possible  supply  of  raw  materials 
is  in  all  cases  limited.  There  is  no  essential  limit  to  the  supply  of 
manufactured  products,  given  the  conditions  required  for  their  produc- 
tion. At  the  present  time,  the  Steel  Corporation  controls  a  very  large 
share  of  the  iron  ore  supplies  of  the  Lake  Superior  region.  It  also 
has  control  over  all  but  a  very  small  part  of  the  available  supplies 
of  the  best  Connellsville  coking  coal.  These  are  at  the  present  time 
the  main  sources  of  the  raw  materials  consumed  bv  the   American  iron 

m 

industrv.  If  mv  information  is  accurate,  there  is  not  much  likelihood 
of  equally  important  supplies  becoming  available  for  competitiv-e  con^ 
cerns,  although  those  competitors  are  in  some  cases  possessed  of  what 
are  equally  satisfactory  supplies.  On  the  other  hand,  no  one  can  say 
what  a  month  or  two  may  bring  forth  in  the  way  of  increasing  the 
ascertained  supplies  of  both  iron  ores  and  coking  coal.  The 
various  iron  ore  ranges  now  being  worked  on  Lake  Superior  are 
said  to  have  been  pretty  well  explored,  and  doubt  is  cast  on  the 
chances  of  finding  new  sources  of  supply  of  any  great  importance. 
But  the  L^nited  States  as  a  whole,  and  the  southern  States  in 
particular,  have  enormous  iron  ore  deposits  that  are  still  virgin,  and 
which  can  be,  and  no  doubt  will  be,  brought  into  use  as  necessity 
demands,  although  this  may  involve  the  displacement  of  Pittsburg  as 
the  centre  of  the  American  iron  industr\-.  As  regards  supplies  of 
coking  coal,  the  fields  of  Western  Virginia,  Pocahontas,  Kentucky, 
Tennessee  and  Ohio  will  take  care  of  this  requirement  for  an  indefi- 
nitely long  future. 

In   respect    of  the    resources  of    production    of  pig-iron  and    steel,, 
the  proportions  of  the  total  national  capacity-  possessed   or  controlled 
by  the  Steel  Corporation   appears   to   be   less   a  matter  of  controversy. 
T/tc  Directory   of   the   Iron   mid   Steel    Works    of  the    United    States^ 
issued  in  1902,  shows  that  at  the  end   of   icpi.the  total   blast  furnaces 
available  had  an  annual  capacit}*  of  24,812,037   tons  per  annum,  while 
the  blast  furnaces  of  the  Steel  Corporation  had  a  capacit}'  of  9,900,000 
tons  a   year.     Hence  it   would  seem  that   the   .Steel  Corporation   had 
just  40  percent,  of  the  total  pig-iron  making  capacity  of  the  country  under 
control.       From    the  same  source   I   learn    that  while  the  total  annual 
capacity   of    the    Bessemer    Steel    Works    of  the    United    States   was 
12,938,000  tons  of  ingots,  the    Steel   Cor])oration    controlled  8,375,000- 
tons  of  this  quantity,  or  about  65  per  cent.,  while    as    regards    open--- 
hearth    steel,  the  total    national  capacity  of   production  was  8,289,750- 
tons,   of   which    the    Steel    Corporation    controlled    3,184,000   tons,  or 
38  per  cent.     Taking  Bessemer    and    open-hearth    steel    together,   the- 
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total  capacity  of  the  plants  at  the  end  of  1901  was  21,218,000  tons, 
while  the  capacity  of  the  plants  controlled  by  the  Steel  Corporation 
was   1 1,559,000  tons,  being  a  trifle  over  one-half  of  the  whole. 

In  finished  products  the  Steel  Corporation  occupies  a  more  com- 
manding position  than  it  docs  in  relation  to  either  pig-iron  or  steel 
ingots.  The  total  capacity  of  the  United  States  in  finished  products 
is  estimated  bv  Mr.  Swank  at  about  28  million  tons,  while  that  of 
the  Steel  Corporation  is  nearly  16  million  tons,  so  that  the  Steel 
Corporation  controls  about  58  per  cent,  of  the  whole.  But  unless  the 
corporation  largely  increases  its  means  of  output  this  is  likely  to  be 
a  relatively  smaller  proportion,  in  view  of  the  large  number  of  new 
plants  now  or  recenlh'  being  built  to  work  independently,  and  in  any 
case  it  is  clear  that  the  excess  of  capacity  for  the  production  of 
finished  products  over  that  for  the  production  of  pig-iron  and  steel 
ingots  is  not  of  much  advantage  in  the  way  of  giving  control  over 
the  trade,  since,  in  order  to  utilise  that  excess,  pig-iron  and  steel  ingots, 
blooms,  and  billets,  must  be  purchased  in  the  open  market. 

Financial  Questions. 

It  will  hardly  be  expected  that  I  should  deal  with  the  abstract 
principles  which  regulate  the  consolidation  of  manufacturing  interests 
on  the  lines  of  the  Cnitcd  States  Steel  Corporation.  This  is  far 
too  large  and  weighty  a  matter  to  be  handled  here,  even  if  it  did 
not  involve  tjuestions  of  a  more  or  less  controversial  character.  It 
may,  however,  be  pointed  out  that  the  methods  employed  are 
apparently  so  simple  and  so  readily  ap[)licable,  that  the  system  may 
easily  be  carried  much  farther.  In  such  consolidations  very  little 
capital  has  to  be  raised — scarcely  more  than  is  needed  to  carry 
through  the  details  of  the  deal.  The  financial  basis  of  the  arrange- 
ment is  that  of  an  increase  in  the  nominal  value  of  the  interest 
held  by  the  owners  of  the  properties  consolidated,  and  it  is  even 
lK>ssible  to  conceive  of  such  an  enterprise  being  launched  without 
any  capital  being  raised  at  all.  Mcnce  there  has  been  a  considerable 
extension  of  the  system  since  the  Steel  Corporation  was  founded, 
although  that  is  only  a  few  months  ago,  and  there  have  been 
attempts  made  to  form  another  large  consolidation  of  concerns  out- 
side the  Steel  Corporation,  in  order  to  introduce  effective  competition, 
if  not  to  contest  its  supremacy.  At  home  the  same  principles  have  been 
applied  to  the  consolidation  of  the  Dowlais  and  Nettlefold  Works 
with  those  of  the  Patent  Bolt  and  Nut  Company,  and  it  is  reasonable  to 
anticipate  that  we  shall  soon  witness  other  deals  of  the  same  kind. 

Since  the  Steel  Corporation  was  founded,  there  has  been  a  good  deal 
of  criticism  of  their  capitalisation,  which  is  about  74]  million  dollars  in 
excess  of  the  total  capitalisation  of  the  separate  companies  of  which  it 
was  formed,  excluding  the  Carnegie  Company  and  the  companies 
taken  in  since  the  organisation.  It  is  claimed,  on  the  other  hand, 
that  the  test  of  value  of  any  property  is  its  dividend-yielding  capacity. 
and  that  the  Steel  Corporation,  judged  by  this  standard,  is  not  at  all 
likely  to  suffer.  It  is  undoubtetlly  true  that  the  corporation  has 
hitherto  been  financiallv  successful— probablv  much  more  so  than  was 
generally  anticipated.  That,  however,  can  hardly  be  attributed  to  any 
conditions  within  its  sphere  of  influence.      During  the  whole  of  1901, 
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the  American  iron  trade  has  been  enjoyin<(  a  phenomenal  boom.  The 
demand  for  iron  and  steel  of  all  kinds  has  been  so  large  that  cxisting^ 
plants  hav^e  been  kept  working  to  the  utmost  extent  of  their  capacity. 
This  of  itself  is  no  small  advantage  in  estimating  profit  possibilities. 
But  the  Steel  Corporation  have  also  enjoyed  the  advantage  of  a  high- 
range  of  prices  that  was  not  in  any  way  forced  by  their  own  action,, 
and  which  they  did  but  little  to  control.  Speaking  generally,  as  com- 
pared with  the  slump  period  of  i<S95-98,  the  average  prices  of  1901 
show  an  advance  of  about  25s.  per  ton  on  pig-iron,  and  40s.  per 
ton  on  rails,  blooms,  and  billets.  The  Steel  Corporation  has  therefore 
had  the  most  of  this  difference  to  the  good,  in  addition  to  the  profits, 
earned  in  the  low-price  period  referred  to,  for  it  will  not  be  overlooked 
that,  controlling,  as  they  do,  their  raw  materials  and  transport,  they 
arc  not  liable,  like  concerns  otherwise  placed,  to  have  these  advanced 
in  price  pari  passu  with  advances  in  the  prices  of  manufactured 
products.  An  increased  profit  of  25s.  per  ton  on  the  pig-iron  capacity 
of  the  corporation  would  alone  yield  over  ;^  10,000,000  sterling,  and 
this  sum  may  not  unreasonably  be  doubled  to  represent  the  further 
profits  that  may  be  charged  to  the  differences  in  the  prices  of 
finished  steel.  Here,  then,  wc  have,  as  compared  with  the  prices  that 
have  actually  prevailed  in  times  of  depression,  a  possible  increase 
of  profit  of  not  less  than  20  millions  a  year,  which  difference 
alone  would  be  sufficient  to  yield  about  9  per  cent,  per  annum  oa 
the  whole  capitalisation  of  the  corporation. 

These  figures  are  not  submitted  as  pretending  to  absolute  accu- 
racy— except  in  so  far  as  price  differences  are  concerned — so  much 
as  for  the  purpose  of  illustrating  actual  and  possible  conditions  that 
must  greatly  influence  the  future,  not  only  of  the  Steel  Corporation,, 
but  of  other  similar  organisations.  From  an  official  paper  handed  to- 
me in  his  office,  in  New  York,  by  Mr.  C.  M.  Schwab,  and  since 
republished  in  some  American  journals,  I  find  the  net  earnings  of 
the  Steel  Corporation  for  the  first  six  months  of  its  existence  stated 
at  about  i,* 1 1 ,000,000,  or  at  the  rate  of  ;{^22,ooo,ooo  a  year.  During 
part  of  this  time,  the  cor[)oration  was  hampered  by  a  strike,  but 
Mr.  Schwab's  chief  object  in  placing  the  figures  in  question  before 
my  colleagues  and  myself  was  to  show  us  that  the  strike  had  not  much 
affected  the  net  profits,  which,  indeed  were  larger  during  August^, 
when  the  strike  was  "  on,"  than  in  some  earlier  months  before 
the  strike  broke  out.  Is  it  not,  then,  justifiable  to  assume  that  if 
the  Steel  Corporation  oiil\'  earned  ^  i  1,000,000  sterling  as  net  profits  in 
six  months  of  such  good  trade  as  that  above  specified,  when  they  might 
be  expected  to  have  a  chance  of  earning  at  least  ;{^20,ooo,ooo  sterling  a 
year  in  excess  of  the  actual  prices  current  in  depressed  times,  the 
apparent  possible  profits  under  ordinarx'  conditions  and  former  prices 
in  those  times  would,  ex  liyf^othcsi,  not  exceed  ;{*?, 000,000  sterling,, 
subject  to  modifications  in  wages  and  a  few  other  charges,  which 
would  hardly  do  more  than  pav  2  per  cent  on  the  £\  10,000,000  sterling 
of  7  per  cent,  cumulative  preferred  stock  ?  .And  if  the  Cor- 
poration had  to  face  six  or  seven  \ears  of  bed-rock  prices  on  these 
terms,  where  would  its  ])rospcrit\-  he,  and  how  would  its  chances  of 
continued   life  be  affected  ? 
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It  seems  to  me  that  these  considerations,  although  necessarily  more 
or  less  speculative,  have  an  important  bearing  on  the  question  of  what 
part  the  Steel  Corporation  and  similar  organisations  will  be  likely  to 
play  in  the  future  competition  for  outside  markets.  They  suggest 
questions  as  to  the  policy  that  may  be  pursued  in  reference  to  the 
dumping  of  large  quantities  of  iron  and  steel  on  foreign  markets 
without  profit,  and,  perhaps,  at  an  actual  loss.  At  the  same  time,  as. 
the  policy  of  the  corporation  is  to  bring  up  its  works  and  operations 
to  a  higher  condition  of  efficiency,  and  to  rigidly  enforce  the  law  of 
the  sur/ival  of  the  fittest,  they  may  be  able  to  show  much  better 
profit  possibilities  in  the  future. 

Competitive  Enterprise. 

The  situation  of  the  United  States  Steel  Corporation  is,  of  course,, 
largely  controlled  by  their  capital  requirements,  and  b\'  the  prices  at 
which  they  can  afford  to  manufacture  and  sell  their  productions. 
That  the  capital  is  much  in  excess  of  the  ordinary  relation  of  ex- 
penditure to  product  is  patent  to  everyone  who  has  the  least  idea 
of  what  it  would  require  to  replace  the  existing  mines,  works,  and 
other  property  belonging  to  the  corporation.  It  has  been  computed 
that  it  will  require  about  20s.  per  ton  of  steel  output  to  pay  interest 
on  the  corporation  s  professed  capitalisation,  at  the  rate  of  7  per 
cent.,  whereas  other  competitive  concerns,  such  as  Jones  &:  Laughlins 
of  Pittsburg,  and  the  Lackawanna  Iron  &  Steel  Company,  can  possibly 
get  off  with  4s.  to  6s.  per  ton  of  steel  produced,  their  cajjacitx'  of 
output  in  relation  to  their  nominal  capital  being  much  [greater.  This, 
however,  is  not  the  only  test,  and  it  may  not  even  be  the  best 
one.  If  the  Steel  Corporation,  or  any  kindred  concern,  has  stores  of 
raw  material  relatively  greater  and  better  than  others,  the  fact  justifies. 
a  larger  capitalisation  per  unit  of  manufactured  products. 

The  fortunes  of  the  Steel  Corporation  must  in  future  be  largely 
affected  by  the  organisation  and  operations  of  conipetitixe  concerns. 
which  are  springing  u])  in  every  iron-making  district  of  the  United 
States.*  It  was  stated  that  the  various  constituent  companies  forming 
the  Steel  Corporation,  previous  to  their  consolidation,  had  prepared  to- 
spend  some  325,000,000  dols.  during  the  following  five  years,  in  making 
additions  to  their  plants  and  resources  for  the  purpose  of  competition 
with  one  another.  It  was  assumed  that  by  the  fact  of  consolidation 
this  expenditure  would  not  be  incurred.  However  this  may  be  as 
regards  the  companies  in  question,  it  is  undoubtedly  the  fact  that  since 
their  consolidation  took  place  a  much  lander  sum  has  either  been 
expended  or  provided  for  by  other  companies  that  are  now  rivals,  and 
that  this  rivalry  will  in  the  future  be  keener  than  ever. 

In  this  connection,  the  specific  case  of  the  National  Tube  Com])any 
is  instructive.  That  concern  is  understood  to  have  made  ver\'  lar<ie 
profits  as  an  independent  concern  by  the  operation  of  onl\'  67  per 
cent,  of  its  available  plant.  Mr.  Carnegie  made  up  his  mind  to  have 
a  large  share  of  this  business,  when  the  launching  of  the  Steel  Cor- 
poration stayed  his  hand.     It  was  assumed  that  this  combination  would 

*  .See  later  renurks  on  this  siibject. 
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restrain  future  competition.  Has  it  done  so  ?  When  I  was  in  Pittsburg, 
Mr.  Julian  Kennedy  q;ave  ine  a  long  list  of  competitive  works  that 
are  either  extending  their  resources,  or  being  newly  laid  down  to 
compete  with  the  Steel  Corporation.* 

In  the  month  of  March,  I90i,the  Iro7i  Age  declared  that  a  very 
serious  danger  had  been  escaped  in  the  iron  industry  by  the  formation 
of  the  United  States  Steel  Corporation,  which  had  averted  the  pending 
battle  of  the  giants.  ''That  struggle,"  it  was  added,  "  would  have  led  to  a 
wholly  unnecessary  and  fearfully  costly  duplication  of  plants.  With 
one  interest  going  into  the  manufacture  of  tubes  and  sheets,  another 
threatening  to  invade  the  rail  makers'  field,  a  third  getting  ready  to 
roll  plates,  a  fourth  preparing  to  build  a  large  structural  plant,  a  fifth 
about  to  roll  and  draw  wire,  there  would  not  have  been  a  single  im- 
portant branch  which  would  have  escaped  the  most  savage  competition. 
With  every  interest  not  provided  with  furnaces  and  steel  plants 
seeking  to  fill  that  gap,  and  with  every  steel  maker  endeavouring  to 
capture  a  market  by  finishing,  we  should  have  had  excess  capacity, 
unmanageable  and  unprofitable,  for  decades  to  come.  It  would  have 
been  a  fearful  waste  of  money,  while  the  destruction  of  earning  power 
and  the  suffering  to  labour,  would  have  been  unparalleled  in  the  indus- 
trial history  of  this  country." 

I  would  venture  to  doubt  whether  the  able  editor  of  the  Iron  Age 
is  still  of  the  same  opinion,  in  view  of  the  extraordinary  activity  in 
the  building  of  new  plants  of  every  kind,  and  the  numerous  pending 
projects  looking  to  others,  that  have  since  been  apparent  on  every 
hand. 

The  feeling  of  a  large  number  of  American  representative  business 
men,  with  whom  1  held  conversations  in  the  United  States,  appeared 
to  be  that  the  Steel  Corporation  is  not  likely  to  have  a  smooth  course 
ahead  of  it.  There  is,  to  begin  with,  an  instinctive  dislike  of  what 
are  called  ''trusts"  on  the  part  of  the  general  public,  and  although 
the  Steel  ((^poration  is  not  a  "trust"  in  the  ordinary  sense,  it  is  a 
combination  with  a  vast  influence  over  production  and  prices,  which, 
to  the  man  in  the  street,  means  the  same  thing.  A  number  of  States 
have  initiated  drastic  legislation  against  trusts — New  Jersey  being, 
indeed,  almost  the  only  State  that  deals  with  them  gently.  President 
Roosevelt  himself  deemed  the  trust  system  a  matter  deserving  of  special 
notice  in  his  recent  Presidential  address,  and  there  are  known  to  be 
both  Senators  and  Congress-men  who  would  be  glad  to  see  Federal 
laws  enacted  against  them.  Apart  from  this,  however,  as  one  of  my 
friends  reminded  me  in  New  ^'ork,  the  trusts  are  in  a  vicious  circle, 
and  it  is  difficult  to  get  over  the  dangers  due  to  meeting  the  constant 
increase  of  competition  from  new  j)lants  which  are  springing  up,  and 
likely  to  continue  to  spring  up,  while  the  Steel  Corporation  continues 
to  earn  onl\'  fairh'  respectable  j>rofits.  In  some  cases  such  plants  have 
been  purchased  by  the  Steel  C()r[)oration,  or  their  competition  has 
been  otherwise  bought  off,  as  already  shown.  Hut  there  must  necessarily 
be  a  limit  to  this,  es]x^cially  as  there  is  more  than  a  suspicion  that 
<:ertain  works  have  been  undertaken  with  a  special  eye  to  being  bought 

"Sec  previous   ii.innik>.  on  Tube   Manufacluic. 
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out  at  a  fancy  price.  Indeed,  not  long  after  the  earlier  consolidations 
of  steel  plants  began  three  or  four  years  ago,  a  number  of  new  works 
were  built  in  the  United  States,  some  of  them,  according  to  the  Iron 
Age  (June  24th,  1901),  **  with  the  deliberate  purpose  of  being  sold  out  to 
the  consolidation  at  which  they  were  aimed."  Some  of  th^se  new 
plants  were  almost  immediately  bought  up,  because  their  competition 
threatened  to  be  formidable,  and  the  Steel  Corporation  cannot  expect 
to  have  much  control  over  prices  if  it  allows  the  outside  manufac- 
turers to  have  anything  like  an  equal  influence  with  themselves — a 
point  to  which  present  appearances  are  tending. 

The  Measure  off  Value. 

In  considering  the  capitalisation  of  the  Steel  Corporation  and 
similar  concerns,  the  correct  view  of  value  is  not  what  the  properties 
have  cost  their  actual  owners,  but  the  price  at  which  they  could  be! 
replaced — if  they  could  be  replaced  at  all.  This  last  reservation  is 
necessary,  because  much  of  the  property  owned  by  the  corporation 
could  not  be  replaced.  This  is  more  particularly  true  of  their  hold- 
ings in  the  Connellsville  coke  region,  and  in  the  Lake  Superior  mines. 
Mr.  Lynch  informed  me  that  most  of  the  corporation  s  coke  lands 
in  the  Connellsville  region  were  acquired  at  300  dols.  per  acre,  that 
the  last  purchase  cost  1,200  dols.  per  acre,  and  that  the  present  price 
is  1,500  dols.  per  acre  for  inferior  areas.  Hence  it  appears  that 
thousands  of  acres  of  coal  and  coke  lands  alone  have  been  purchased  at 
one-fifth  of  their  present  value,  which  in  this  one  item  would  appear 
to  justify  an  appreciation  of  500  per  cent. 

The  Outlook  off  Prices. 

It  is  now  some  1 5  years  since  I  called  attention  to  the  influence 
of  trusts  on  prices,  and  dealt  with  the  subject  in  articles  contributed  to 
The  Times  and  otherwise.*  At  that  time  there  was  much  apprehension 
lest  the  growing  power  of  trusts  might  create  monopoly  and  raise  the 
prices  of  commodities  all  round.  Under  the  influence  of  this  fear,  trusts 
were  entirely  prohibited  in  a  number  of  States,  and  the  majority  of  them, 
as  then  constituted,  had  to  be  wound  up.  Nevertheless,  the  cases  in 
which  there  was  proof  of  a  large  increase  of  price  were  comparatively 
rare,  and  in  some  correspondence  which  I  then  had  on  the  subject 
with  Mr.  S.  C.  T. -Dodd,  the  solicitor,  and  Mr.  J.  H.  Flagler,  the  vice- 
president  of  the  Standard  Oil  Company,  they  submitted  proof  that 
the  prices  charged  to  the  public  had  been  largely  reduced,  instead  of 
being  raised  during  the  life  of  that  important  organisation. 

Many  other  trusts,  or  syndicated  arrangements  as  to  production, 
have  been  able  to  point  to  similar  experience.  The  cases  to  the 
contrary  have  been  few,  and  they  have  not  by  any  means  been  the 
most  successful.  The  well-organised  and  efficiently-administered  com- 
bination of  this  kind  aims,  or  ought  to  aim,  rather  at  making  its  chief 
gains  by  steadying  prices— without  increasing  them,  and  it  may  even 
be  by  lowering  them — and  by  economising  production.  This  has  been 
the  experience  of  the  Standard  Oil  Company  and  similar  organisations. 

There  are,  of  course,  many  possible  means  of  reducing  the  cost  of 

•   Vide  "  Trusts,  Pools,  and  Corners,'*  in  Methuen^s  Social  Questions  Series, 
t  Evidenoe  tendered  before  a  Committee  of  Congress  of  the  United  States. 
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production  when  operating  on  a  large  scale.  Two  sources  of  economy 
affecting  the  steel  industries  may  be  named  among  others — ^the  one  a 
saving  in  the  cross  freights,  which  the  American  Steel  and  Wire  Company, 
through  Mr.  Gates,  their  president,  estimated  at  500,000  dols.  a  year, 
and  the  other  a  saving  due  to  the  avoidance  of  changes  of  the  rolls 
in  rolling  mills,  thus  abating  delays  which  would  be  attended  by  waste 
of  time  and  energy  under  competitive  systems.  It  may  be  noted  that 
Mr.  Guthrie,  the  president  of  the  American  Steel  Hoop  Company,  esti- 
mated the  economy  due  to  this  latter  source  alone  at  4s.  to  6s.  per  ton.* 

The  influence  of  the  recent  American  consolidations  on  prices  is  to 
some  extent  indicated  in  the  two  charts  presented  herewith.  The  first 
shows  the  rapid  increase  in  prices  during  the  year  1899,  in  steel  and 
in  tinplates,  as  recorded  in  Iron  Age  quotations.  Professor  Jenks,  to 
whose  excellent  work*  1  am  indebted  for  these  charts,  has  stated  his 
opinion  that  the  increase  in  the  price  of  steel  had  necessarily  forced 
up  the  prices  of  tinplates  ;  that  the  price  of  steel  had  been  increased 
by  the  enormous  demand  for  new  purposes ;  that  since  the  Tinplatc 
Trust  was  formed  the  increase  in  the  price  ol  American  tinplate  had 
not,  on  the  whole,  been  greater  than  the  increase  in  the  value  of  the 
raw  material,  plus  the  increase  in  labour  costs  ;  and  that  from  March, 
1899,  till  the  middle  of  1900,  which  coincides  with  the  first  period 
of  the  Tinplate  Trust's  existence,  profits  were  no  higher,  but  rather  lower, 
despite  an  increase  in  tinplate  prices. 

The  movement  of  prices  of  steel  billets,  wire,  etc.,  as  a  result 
of  the  establishment  in  January,  1899,  of  the  American  Steel  and 
Wire  Company,  is  equally  instructive.  In  November,  1898,  a  strong 
upward  movement  began  in  the  price  of  steel  billets,  followed  in 
the  succeeding  month  by  an  increase  in  the  price  of  wire  nails  and 
by  an  increase  in  the  wages  paid  in  the  wire  industry.  This  was 
concurrent,  up  to  a  certain  point,  with  a  *'  decided  increase  in  profits," 
but,  on  the  whole,  Mr.  Jenks  is  of  opinion  that  even  without  any 
trust,  "  there  would  have  been  an  increase  in  the  margin  between 
the  crude  and  the  finished  products,  owing  to  the  enormous  demand," 
and  he  adds  that  "  the  great  increase  in  the  price  of  finished  products  is 
due  chiefly  to  the  increase  in  that  of  the  raw  material."t 

So  far  as  the  operations  of  the  Steel  Corporation  are  concerned,  it 
is  generally  admitted  that  in  matters  of  price  they  have  followed  out 
what  Americans  describe  as  a  "conservative  policy."  Prices,  it  is 
believed,  have  not,  on  the  whole,  been  raised  above  the  level  that  they 
would  have  reached  in  the  current  circumstances  of  trade,  had  the 
Steel  Corporation  not  been  in  existence.  The  prices  of  raw  material 
have  been  kept  moderately  low,  considering  the  urgency  and  vast  extent 
of  the  demand.  On  the  other  hand,  it  is  not  generally  anticipated  that 
the  corporation  will  suffer  the  prices  of  coal,  coke,  iron  ore,  and  other 
materials,  so  far  as  they  can  prevent  it,  to  fall  to  the  unremunerative 
and  unprecedented  level  of  a  few  years  ago,  and  if  this  position  is 
strictly  adhered  to  by  the  corporation,  it  must  react  on  the  attitude 
taken  up  by  independent  operators.  Whether  this  forecast  and  pros- 
pect will  equally  apply  to  foreign  business  remains  to  be  seen. 

♦  "The  Trust   Problem,"  p.  163. 
t  Ibid.^  p.  170. 
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CHAPTER   XII. 

The  Basic  Steel  Industry. 

I  UNDKRTCX)K  special  inquiries  at  several  leading  basic  steel  works-  - 
among  others  those  of  Homestead,  Duquesnc,  Ensley  (Ala.),  and 
the  Lukens  Company  at  Coatcsvillc — as  to  the  conditions  under  which 
the  basic  steel  industry  is  carried  on. 

The  Basic  Process  at  Homestead. 

In  going  over  the  basic  steel  plant  of  the  Homestead  Works,  in 
which  I  was  accompanied  by  Mr.  \V.  A.  Bostwick,  and  who  last  year 
:issisted  to  set  the  Monell  system  at  work  at  the  Cleveland  Steel  Works 
of  Bolckow,  Vaughan  &  Company,  I  learned  that  all  of  the  48  open- 
hearth  furnaces  operated  produced  basic  steel,  the  output  of  which  is 
about  100,000  tons  per  month.  The  furnace  capacity  is  one-half  40  tons 
and  one-half  50  tons  each.  When  sufficient  supplies  are  available 
25  per  cent,  of  the  whole  charge  is  scrap.  The  mill  iron  contains 
about  ^\t  per  cent.  P.,  and  when  running  both  pig-iron  and  scrap  the 
P  is  raised  to  ^o  V^^  cent.  A  considerable  quantity  of  basic  open- 
hearth  cinder  is  also  used,  which  acts  as  a  cheap  flux,  as  well  as 
roll  scale,  heating  furnace  cinder,  and  other  more  or  less  waste  products 
of  the  steel  works.  The  whole  burden  of  the  ore  used  will  run  '22 
to  '2$  per  cent,  of  P. 

The  ore  used  varies  considerably  in  its  content  of  phosphorus.  It 
is  mostly  got  from  the  Mesaba  range,  in  the  Lake  Superior  region.  The 
average  phosphorus  in  the  finished  basic  steel  j)roduccd  at  f-Iomestead 
is  '040,  and  this  is  the  figure  generally  arrived  at.  The  steel  is 
treated  in  a  mixer,  which  is  lined  with  magncsitc  and  dolomite. 
The  bottom  in  this  mixer  lasts  for  a  considerable  time,  the  same 
bottom  having  been  in  for  nearly  three  years.  Basic  additions  are 
employed  to  neutralise  the  blast  furnace  slag  onl}-.  The  mixer  is  a 
reservoir  only,  and  no  chemical  action  goes  on  in  it.  The  mixer  is,  I 
believe,  the  first  of  its  kind  ;  it  is  gas-fired,  susj^endcd  on  a  curved 
rack  ;  and  the  ports  roll  with  the  vessel.  A  duplicate  mixer,  I  was 
informed,  has  recently  been  erected  at  the  Port  Clarence  Steel  Works 
on  the  Tees. 

The  mixer  is  only  capable  of  dealing  with  about  one-half  of  the 
basic  steel  produced,  and  it  is  so  placed  as  to  suit  the  convenience  of 
the  older  plant,  with  the  product  of  which  it  therefore  dcal.s.  The 
steel  produced  in  the  newer  plant  is  not  put  through  the  mixer,  but  the 
metal  is  poured  direct  into  the  o|)en-hearth  furnace  as  taken  from  the 
blast  furnaces  on  the  opposite  side  of  the  river.  The  open-hearth 
furnace  plant  is  served  by  a  Wellnian  charj»ing  machine. 
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The  avcraj^e  life  of  the  lining  of  the  open-hearth  furnaces  working 
on  basic  steel  is  about  400  heats  of  38  tons  each  in  the  old  plant, 
and  rather  more  in  the  new.  The  general  average  of  the  heat  is  about 
nine  hours,  and  16  heats  per  week  is  a  usual  average,  including  the 
operation  of  bottom-making.  Very  little  trouble  is  found  with  bad 
bottoms,  although  these  do  happen,  and  occasionally  during  the  heat 
of  summer,  when  the  workmen  are  less  able  to  stand  the  work. 

The  ore  and  pig  process,  the  pig  iron  process,  and  the  pig  and 
scrap  process,  are  all  variants  of  the  open-hearth  process  as  practised 
at  Homestead,  the  extent  to  which  any  one  of  them  may  be  employed 
depending  on  such  circumstances  as  the  price  and  extent  of  supply  of 
scrap,  which  sometimes  runs  so  high  as  not  to  justify  its  use.  When 
a  high  percentage  of  pig  is  employed  the  length  of  the  heats  is 
increased,  and  this  leads  the  administration  at  Homestead  to  use  a 
larger  quantity  of  ore,  whereby  the  duration  of  the  heat  is  not  increased, 
and  the  firm  is  rendered  independent  of  the  scrap  market.  This  is 
regarded  as  the  main  value  of  the  AToncll  process  at  these  works,  and 
it  is  u.sed  much  or  little  according  to  the  conditions. 

A  large  part  of  the  basic  steel  produced  at  Homestead  Works,  is 
supplied  to  the  Pressed  Steel  Car  Company  of  Pittsburg — the  average 
being  nearly  1,000  tons  a  day.  This  steel  is  made  in  accordance 
with  a  specification  of  '15  per  cent,  to  22  per  cent,  carbon.  The  steel 
so  supplied  must  not  be  soft,  and  yet  capable  of  standing  cold  flang- 
ing well.  The  P  in  this  steel  is  about  '040  per  cent.  The  Home- 
stead Works  also  supply  a  good  deal  of  material  for  car  axles,  which 
runs  -35  per  cent,  to    42  per  cent,  carbon. 

Natural  gas  fuel  is  almost  exclusively  employed  at  Homestead. 
Hence  the  remarkable  freedom  from  smoke,  dust,  dirt  and  disorder 
which  characterise  the  plants.  The  manager  informed  me  that  they  did 
not  consider  natural  gas  a  cheaper  fuel  than  coal — which  in  the 
Pittsburg  district  is  remarkably  cheap,  and  is  in  many  cases  delivered  at 
works  for  about  3s.  6d.  per  ton — but  labour  is  saved  in  the  handling  of 
the  fuel,  and  in  cleaning  out  and  removing  ashes,  etc.  The  gas  is 
supplied  by  the  Carnegie  Gas  Company,  which  is  an  independent 
concern  that  supplies  this  form  of  fuel  to  a  number  of  works  in  and 
around   Pittsburg. 

As  regards  labour,  I  was  informed  that  the  ordinary  50-ton  basic 
open-hearth  furnace  at  Homestead  is  operated  by  three  men — one  a  first 
helper,  who  in  British  works  would  be  called  a  melter  ;  another, 
described  as  a  second  helper  ;  and  the  third  a  cinder  pitman.  The  first 
helper  is  responsible  for  getting  out  the  heat  properly.  A  separate 
foreman  \)r,  employed  for  each  six  to  eight  furnaces  and  he  is  responsible 
for  the  proper  composition  and  tapping  of  the  charge,  temperatures,  and 
other  conditions.  The  duties  of  the  second  helper  are  to  supply  the 
necessary  refractory  materials,  ferro,  ore,  etc.,  tap  the  heat,  and  make  up 
the  tapping  hole  afterwards.  The  cinder  pitman  looks  after  the  cinder 
pit,  and  makes  the  bottom,  etc.  Another  special  man,  who  is  under 
the  control  of  the  electrical  department,  looks  after  each  charging 
machine,  and  there  is  one  such  machine  to  every  four  furnaces.  A 
50-ton  heat  is  charged  by  one  man  and  the  charging  machine  in  about 
half  an  hour. 
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The  first  helper  (melter)  is  paid  5^  dols.,  and  the  second  3  J  dols.  per 
<iay.  The  metal  is  tapped  direct  into  a  40-ton  ladle.  It  may  be 
added  here  that  the  works  employ  about  6,000  hands,  not  including  the 
Carrie  blast  furnaces,  which  feed  them  with  pig-iron,  nor  the  adjoming 
Howard  axle  works,  which  use  a  large  part  of  their  products,  and  are 
of  great  extent. 

From  some  of  the  40-ton  furnaces  the  week's  product  of  ingots  is  as 
much  as  850  tons,  running  50  per  cent,  hot  metal,  and  50  per  cent  scrap, 
in  23  heats. 

The  pig-iron  employed  at  Homestead  runs  ij4  per  cent,  silicon, 
O'6o  Mn,  040  S,  '090  P,  and  375  to  4*00  per  cent.  C.  For  the 
open-hearth  process  the  P  in  the  pig-iron  is  about  -40  per  cent,  the 
silicon  75  per  cent.  ;  the  sulphur,  040  per  cent. ;  the  Mn  'So  per 
cent ;  and  the  carbon  375  per  cent,  to 400  per  cent.  In  the  open-hearth 
furnace  the  phosphorus  is  brought  down  to  '25  per  cent,  at  the  start, 
when  running  50  per  cent,  pig  and  50  per  cent,  scrap,  and  the  heat 
finishes  with  P  at  025  per  cent,  so  that  there  is  an  elimination  of 
90  per  cent  The  basic  lining  and  additions  show  6  per  cent,  to  7  per 
cent,  of  lime  in  the  charge,  or  about  100  lbs.  per  ton  of  ingots.  The 
bottom  is  repaired  after  each  charge. 

The  general  average  output  of  different  descriptions  of  steel  is  as 
under : — 

Plates  (two  mills) ...         ...     36,000  tons  per  month. 

Billets  .'ind  slabs 70,000 

Structural  shapes 30,000 


Total    ...         ...         ...         ...         ...   136,000 


»  ji 


Some  of  the  output  is  duplicated  by  the  fact  that  the  plates  are  to 
a  certain  extent  also  included  in  the  slabs. 

In  the  Bessemer  department,  the  output  of  commercial  steel — 
blooms,  slabs,  and  billets — is  about  40,000  tons  per  month,  from  two 
converters  of  1 1  tons  capacity  each,  and  two  mills. 

There  are  both  night  and  day  shifts  at  Homestead,  of  13  and  11 
hours  respectively.  The  pig-iron  is  brought  from  the  Carrie  furnaces 
on  the  other  side  of  the  river,  over  half  a  mile  distant,  where  the 
Carnegie  Steel  Company  have  recently  rebuilt  two  furnaces,  and  were> 
at  the  time  of  my  visit,  rebuilding  two  others,  which  will  yield  a  total 
daily  output  of  over  2,000  tons,  when  the  plant  is  completed.  All  the 
men  are  employed  on  tonnage  rates  except  day  labourers,  so  that  it  is 
practically  the  interest  of  everybody  to  get  out  as  much  as  possible. 
The  foremen  are  paid  tonnage  rates  as  well  as  a  salary. 

One  feature  of  the  Homestead  open-hearth  practice,  to  which  a  good 
•deal  of  importance  appears  to  be  attached,  is  the  use  of  dolomite 
instead  of  clay  for  the  tap  holes.  In  some  cases,  in  British  practice, 
anthracite  and  chrome  ore  are  used,  but  at  Homestead  they  have  decided 
that  dolomite  and  tar  make  the  best  plug. 

The  Homestead  Works  extend  along  the  bank  of  the  river  for  about 
a  mile  and  a  half,  and  their  area  is  about  2,000  ft.  wide  at  its  widest  point. 
The  melting  shops  are  about  1,100  ft.  by  350  ft.  The  stock  yards  are 
about  150  ft.  wide.     Every  department  is  spanned  by  overhead  electric 
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cranes,  at  which  36  men  are  employed.  At  the  open-hearth  plants 
there  are  two  electric  cranes  for  each  twelve  furnaces,  one  50  and  the 
other  70  tons  capacity. 

The  heads  of  this  remarkable  establishment  are  :  Mr-  A.  C.  Dinkey 
superintendent ;  and  Mr.  E.  F.  Wood,  assistant-superintendent. 

The  Duquesne  Steel  Works. 

The  Duquesne  Steel  Works,  which  also  produce  basic  steel  on  a 
large  scale,  are  in  several  ways  exceptionally  interesting,  but  chiefly 
so  as  having  been  the  first  at  which  blast  furnaces  were  erected  that 
were  specially  designed  to  give  a  daily  output  of  500  tons  and 
upwards,  a  figure  which  had  hardly  been  approached  up  to  that 
time.  We  were  most  cordially  received  by  Mr.  Hunt,  the  general 
superintendent,  who,  in  answer  to  my  enquiries,  intimated  that  No.  3 
furnace  had,  up  to  the  date  of  our  visit,  produced  the  best  daily  output^ 
namely,  752  tons,  and  had  run  4,690  tons  in  the  same  week.  The 
best  month's  run  had  been  19,630  tons,  using  55  percent,  ore,  taken 
from  the  stock  pile.  The  best  daily  record  of  the  whole  four-furnace 
plant  had  been  2,649  tons,  the  best  week's  record  had  been  I7»596 
tons,  and  the  best  month's  record  was  73,258  tons.  The  coke  con- 
.sumption  averaged  19*98  cwt.  per  ton  of  pig.  and  the  ore  was  a 
mixture  of  Mesaba — 35  per  cent.-  Gogebic,  and  Marquette. 

Having  in  mind  the  considerable  amount  of  discussion  that  has 
taken  place  at  the  meetings  of  the  Iron  and  Steel  Institute  and  else- 
where as  to  the  extent  to  which  rapid  driving  affects  the  life  of  a 
furnace,  as  measured  by  its  total  output,  I  asked  Mr.  Hunt  if  he  could 
furnish  me  with  the  records  of  the  Duquesne  furnaces  up  to  the  date 
of  my  visit.     He  most  kindly  gave  me  the  following  figures : — 


Date  of  Blowing  in. 
No.  I  Kiirnacc  June,  1896* 
No.  2        ,,         October,  1896 
No.  3        „         May,  1897 
No.  4         „        June,  1897 


Total  Output  to  Oct.  1901. 
(iross  Tons. 
941,000 
877,000 
805,000 
787,000 


■*  And,"  added  Mr.  Hunt,  *'  wc  have  made  up  our  minds  that  they  will 
each  make  i  ,000,000  tons  before  wc  ])rocced  to  reline."  These  figures 
may  Ix*  useful  for  c()mj)arison  with  British  makes.  My  recollection  is 
that  i,(>oc),cxx)  tons  is  rather  a  n^re  performance  for  a  British  furnace. 

Thr  Bessemer  plant  at  Diujuesne  embraces  two  9'6-ton  converters, 
which  have  produrcd  2,268  tons  of  ingots  in  a  day,  12,734  tons  in  a 
week,  jiiid  52.iiS(;  tons  in  a  month.  The  general  daily  average  output 
of  in;;()ts  is  i,(><>S  tons.  The  whole  of  this  is  rolled  into  blooms  and 
billet^,  which  arc  worked  up  into  wire  rods,  tin  bars  and  other 
products. 

There  are  12  so-toii  open-hearth  furnaces,  which  began  operations 
in  October  of  K/X).  The  daily  average  of  tnis  plant  has  been  as  much 
'^^  'iS!)5  t^^'^^  ^»f  ingots  over  a  week.  The  best  day*s  output  was  1,710 
tons,  the  best  week's  <;,  174  tons,  and  the  best  month's  38,262  tons. 
These  results  are  got  with  only  343  hands  employed  at  the  furnaces, 
working  double  turn.  This  means,  assuming  that  the  last-named 
records  were  maintained  over  a  year,  an  annual  capacity  of  about  460,000 
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tons  of  ingots  for  the  open-hearth  plant,  and  an  average  of  1,350  ton!* 
of  ingots  per  employe  at  the  furnaces. 

There  are  altogether  six  mills  at  Duquesne,  of  which  the  more 
important  arc  the  21-in.,  or  old  mill,  the  16-in.  or  continuous  mill,  and 
the  40-in.  mill.  From  the  latter  mill  an  output  of  1,1 18  tons  has  been 
got  in  24  hours  of  6  by  4  billets.  The  old  mill  is  usually  occupied 
on  tin  bars,  fishplates,  small  billets,  and  sheet  bars.  It  has  turned 
out  4,563  tons  >in  a  week  of  six  days.  The  best  run  on  sheet  bars 
has  been  759  tons.  The  16-in.  mill  has  produced  679  tons  per  day 
of  i^  by  2-in.  billets.  In  this  mill  the  same  products  can  be,  and 
sometimes  are,  rolled  out  in  the  21 -in.  mill  by  a  change  of  rolls. 

In  the  new  open-hearth  department  there  are  lo-in.  and  13-in, 
mills.  Bars  have  been  rolled  450  ft.  long.  In  a  new  mill,  which  had 
been  at  work  a  week  at  the  time  of  my  visit,  it  is  proposed  to  roll 
squares  and  flats.  In  the  older  part  of  the  works  a  gigantic  new 
mill  was  being  erected  by  the  Morgan  Company,  which  it  was^ 
expected  to  have  in  operation  early  in    1902.  The   output  of  this^ 

mill  is  expected  to  exceed  1,000  tons  of  billets  in  the  24  hours. 
The  principal  mill  is  driven  by  a  reversing  engine,  by  Mackintosh, 
Hemphill  &  Company,  of  12,000-h.p.,  which  is  guaranteed  to  reverse 
70  times  per  minute.  The  live  rolls  from  the  soaking  pits — of  which 
there  are  nine,  with  four  holes  to  each — extend  for  nearly  300  ft. 
Arrangements  are  provided  which  enable  the  steel  to  be  taken  to  the 
lower  mills  in  case  of  a  breakdown  at  the  upper  ones.  The  ladles 
used  are  of  50  tons  capacity,  and  the  moulds  hold  two  tons  each. 
Five  electric  cranes  arc  provided  over  the  charging  platform  for 
unloading  the  scrap. 

The  Ensley  Works  (Ala.)* 

For  a  long  period  it  was  deemed  doubtful  whether  the  south  would 
succeed  in  competing  with  the  north  and  the  central  States  in  the 
manufacture  of  steel,  and  more  particularly  of  basic  steel.  This  idea 
was  probably  mainly  founded  on  the  fact  that  the  first  attempts  to 
produce  pig-iron  in  this  region  were  not  nearly  so  successful  as  was 
anticipated.  With  the  first  Ensley  blast  furnaces,  80  ft.  high,  and  22  ft. 
bosh,  a  daily  output  of  250  tons  per  day  per  furnace  was  looked  for. 
Instead  of  that,  however,  the  average  reached  was  only  about  100  ton:>, 
and  that  was  got  with  very  irregular  working,  causing  the  product 
to  gain  a  reputation  that  was  not  good.  But  time  has  cured 
many  of  the  early  defects.  In  1894,  a  blast  furnace  which  was  pro- 
ducing only  3441  tons  12  months  before,  had  got  up  to  6,091  tons, 
and  better  results  have  been  obtained  since  that  date.  But  the  soft 
ore  of  the  district  is  hardly  favourable  to  large  outputs. 

The  open-hearth  plant  at  Ensley  has  several  special  features,  one 
of  the  most  notable  being  the  fact  that  it  is  the  first  and  largest 
installation  in  the  States  of  the  Wellman  rolling  furnace.  There  are 
10  such  furnaces,  33  ft.  by  30,  and  capable  of  melting  a  50-ton  charge. 
The  usual  practice  hitherto  has  been  10  heats  per  furnace.  The  furnaces 
arc  equipped  with  two  Wellman  low-level  chargers. 

In  making  basic  steel  at  Enslc}'  it  is  the  custom  to  make  use  of 
16,000  lbs.  of  limestone  in  a   50-ton   charge,  dolomite  being  used  for 
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the  hearth.  The  dolomite  is  found  in  abundance  within  a  lew  miles 
of  the  works.  The  ore  used  in  the  open-hearth  furnace  is  brought 
from  Georgia,  and  contains  50  per  cent,  of  iron,  1,000  lbs.  being  the 
maximum  quantity  for  a  charge,  with  25  per  cent,  of  scrap.  Fluor- 
spar and  roll  scale  are  also  used  in  varying  proportions,  with  a  view 
to  a  better  flux  and  a  more  liquid  charge. 

The  iron  used  in  the  Knsley  open-hearth  furnaces  for  the  manufacture 
of  basic  steel  runs  about  057  silicon,  071  phosphorus,  and  0x333  sulphur. 
The  ordinary  specification  provides  that  the  silicon  shall  not  exceed  I 
per  cent,  the  phosphorus  1  per  cent.,  and  the  sulphur  05  per  cent. 

Out  of  10  open-hearth  furnaces  built,  the  company  have  not 
hitherto  had  more  than  seven  in  operation  at  any  one  time,  chiefly 
because  of  the  insufficient  supply  of  gas,  which  has  led  the  company 
to  make  use  of  oil  fuel  in  an  experimental  way,  and  with  results  that 
were  well  spoken  of,  the  tonnage  from  oil  fuel  being  asserted  to  be 
larger,  while  the  supply  can  be  better  regulated.  In  furnace  practice, 
a  fore-hearth  is  used,  and  two  ingots  are  tapped  at  one  time.  The 
standard  size  of  ingot  is  18  by  20,  but  30  by  30  is  also  a  common  size, 
the  weight  being  about  9,000  lbs.  Ferro  is  added  in  the  furnace, 
because  there  is  no  ladle,  the  quantity  used  to  the  charge  being  about 
600  lbs.  Each  furnace  has  three  charging  doors,  with  removable  ports, 
controlled  by  an  auxiliary  trolley.  The  producers  used  are  of  the 
Talbot-Frazcr  type,  giving  24  per  cent,  of  CO,  and  requiring  about 
2,000  lbs.  of  fuel  every  hour. 

In  the  mill,  the  approach  table  in  front  of  the  rolls  is  operated 
independently  of  the  ingot  run.  This  facilitates  the  handling  of  ingots 
for  which  the  mill  may  not  be  ready.  The  mill  has  two  side-guards, 
which  are  movable,  and  operated  by  hydraulic  cylinders,  whereby  the 
piece  being  manipulated  is  held  edge-up,  and  which  is  termed  a 
manipulator.  The  screw-down  gear  is  operated  by  a  loo-h.p.  electric 
motor,  and  is  quick-acting.  The  mill  engine  is  an  Allis-Corliss,  of  36-in. 
cylinder  and  48-in.  stroke,  geared  one  to  two,  with  lo-in.  pitch,  the  face 
gear  being  ^6  in.  Three  men  are  employed  in  the  pulpit — one  for 
the  engine,  one  for  the  manipulator,  and  one  for  the  screw-down  gear. 

The  auxiliary  plant  and  appliances  at  Ensley  do  not  call  for 
special  remark.  They  include  the  usual  types  of  ladles,  strippers, 
soaking-pits,  etc.,  known  in  American  practice. 

The  principal  mill  is  a  combined  slabbing  and  blooming,  with  8o-in. 
rolls,  served  by  reversing  engines.  ^6  by  4S,  and  can  roll  36-in.  slabs. 
The  finishing  mill  produces  structural  shapes,  eye  bars  up  to  14  in.,  etc 
A  new  mill,  which  was  being  built  at  the  time  of  my  visit,  for  the 
purpose  of  manufacturing  rails,  is,  1  believe,  now  in  operation.  The 
company  have  not  made,  and  do  not  at  present  intend  to  produce, 
plates  of  any  kind.  I  was  informed  that  the  company  had  contracted 
to  supply  200  tons  of  steel  i)cr  24  hours  to  the  adjoining  wire  works, 
at  20  dols.  per  ton,  which  for  the  last  twelve  months  has  been  a 
more  favourable  contract  for  the  wire  works  than  for  the  steel  works. 

It  will  be  jud<;ed  from  what  has  been  stated,  that  the  Ensley 
Works  are  not  so  well  up  to  date  as  those  to  be  found  in  the 
eastern  and  middle  States.  An  inadequate  supply  of  gas,  the 
absence  of  a  mixer  and  a   ladle  for  charging  additions  to  the  bath. 
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the  generally  cramped  character  of  the  plant,  and  other  features, 
appear  to  have  combined  to  make  it  difficult  to  show  the  best  that  can 
be  done  in  the  way  of  producing  cheap  basic  steel  in  the  south.  But 
the  new  president  of  the  Tennessee  Company  is  said  to  have  made  up 
his  mind  that  the  efficiency  of  the  plant  at  Ensley  shall  be  largely 
improved,  and  that  the  cost  of  producing  steel  shall  be  much  reduced. 
Arrangements  are  now  in  progress  with  those  ends  in  view. 

In  the  best  basic  open-hearth  practice,  I  heard  that  as  many  as 
400  heats  have  been  got  out  of  a  single  bottom,  using  about  52  per 
cent,  pig,  and  48  per  cent  scrap. 

The  conditions  under  which  the  basic  open-hearth  plant  of 
Worth  Brothers,  and  Lukens,  at  Coatesville,  are  operated,  will  be 
found  described  in  the  section  dealing  with  the  manufacture  of  plates. 

Qeneral  Remarks. 

There  can  be  no  doubt  that  the  basic  process  has  a  great  future 
before  it  in  the  United  States.  This  future  is  assured  by  the  fact 
that  all  American  engineers,  excepting  only  one,  have  accepted  basic 
steel  for  all  ordinary  purposes.  The  exception  is  the  engineer  for 
the  new  Brooklyn  bridge. 

The  outlook  of  the  basic  process  is  also  probably  improved  by 
the  fact  that  the  Monell  process  is  understood  to  have,  to  some 
extent  at  least,  solved  the  problem  of  the  expulsion  of  carbon, 
while  getting  rid  of  phosphorus,  by  using  a  low  temperature.  This 
enables  the  carbon  to  be  retained,  but  there  are  those  who  hold  that 
the   oxidation    of  the    material    is   still    carried  on    unduly. 

The  interviews  that  I  had  with  a  number  of  leading  American 
engineers  and  metallurgists  all  point  to  the  one  conclusion,  which 
one  of  them  has  thus  expressed  to  me,  namely  :  "  The  only  salvation 
for  British  steel  manufacturers  seems  to  lie  in  the  larger  use  of  basic 
steel,  and  in  getting  British  engineers  to  accept  that  description  of 
steel   for  all  ordinary  requirements,  equally  with  acid." 

At  the  same  time,  as  one  of  my  American  friends  frankly  acknow- 
ledged, this  view  may  be  coloured  by  a  certain  tincture  of  selfishness, 
because  they  cannot  compete  on  equally  advantageous  terms  for  acid 
steel  contracts,  that  description  usually  costing  somewhat  more  to 
produce. 

There  is  every  probability  that  the  American  basic  steel  industry 
will  increase  very  rapidly  in  the  future.  Most  of  the  new  open-hearth 
furnaces  now  being  erected,  so  far  as  I  have  ascertained,  are  designed 
to  produce  this  description.  And,  speaking  generaUy,  American 
engineers  are  prepared  to  accept  basic  steel  equally  with  acid,  although 
there  may  be  a  few  unimportant  exceptions.  At  the  Ensley  Works 
they  are  now  beginning  to  roll  rails  of  basic  steel,  and  it  is  probable 
that  this  example  will  be  followed  elsewhere.  At  the  same  time,  it 
will  be  noted  that  the  character  and  composition,  both  of  the  raw 
material  used,  and  of  the  pig-iron  and  steel  produced,  are  so  differeht 
to  those  common  to  British  practice,  that  the  conditions  do  not  admit 
of  exact  comparisons.  In  one  respect  only  do  the  two  countries  appear 
to  be  alike — both  have  vast  supplies  of  ore  that  can  be  used  for  the 
basic  process,  although  greatly  different  in  composition  and  value. 
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CHAPTER   XIII. 

Some  Features  of  American   Engineering. 

It  is  not  necessarily  a  part  of  this  inquiry  to  examine  from  a 
technical,  or  even  from  a  practical  point  of  view,  the  conditions  that 
differentiate  the  engineering  practice  and  achievements  of  the  United 
States  from  those  of  Great  Britain.  Nevertheless,  it  is  essential  that  the 
economic  aspects  of  engineering  should  be  considered  in  relation  to  the 
progress  that  has  been  and  is  being  made  by  American  iron  and  steel 
manufacturers. 

Much  information  on  this  aspect  of  American  attainments  and 
competition  will  be  gathered  from  other  parts  of  this  volume.  The 
character  and  the  more  prominent  features  of  blast  furnace  equipment, 
steel  works  and  their  plant,  foundries,  and  other  establishments  are 
indicated  in  the  several  sections  that  deal  with  these  matters.  Apart 
from  these,  however,  there  are  many  characteristics  of  American 
mechanical  workshops  and  their  practice  that  may  be  considered  under 
the  heading  given  to  this  chapter.  In  undertaking  this  task  I  cannot, 
of  course,  pretend  to  do  more  than  deal  with  a  few  of  the  conditions 
of  mechanical  engineering  that  have  a  direct  bearing  on  the  iron  and 
steel  industries. 

The  mechanical  engineering  of  the  United  States,  for  the  special 
purposes  of  this  enquiry,  may  be  divided  up  under  the  following  general 
heads  : — 

1.  Iron  Works,  Rolling  Mills,  and  Rolling  Mill  Plant. 

2.  Steam  and   Locomotive  Engines,  Hydraulic  Appliances,  and 

Electrical   Plant. 

3.  General  Machinery,  and  Machine  Tools. 

I.  So  far  as  rolling  mills  are  concerned,  the  United  States  must  by 
this  time  have  had  a  unicjuc  experience  of  their  construction  and 
use.  At  the  end  of  1901  there  were  527  mills  in  operation  in  the  United 
States,  representing  an  estimated  capacity  of  over  23,200,000  tons  of 
rolled  products,  against  a  maximum  output  of  such  products  reaching 
10,294,000  tons  in  1899,  and  9,487,000  tons  in  1900;  the  capacity  of 
the  existing  rolling  mills  at  the  end  of  1895  having  been  14,763,000 
tons,  so  that  the  increased  capacity  in  the  intervening  six  years  was 
about  8.600,000  tons  of  rolled  iron  and  steel  products,  or  within  two 
million  tons  of  the  whole  capacity  of  the  Republic  only  12  years  j^a 

The  same  remarkable  advances  are  apparent  in  other  branches 
of  mechanical  engineering,  and  not  least  so  in  engine  building.  The 
total  number  of   blast    furnaces  in   the  United    States  at  the  end  of 
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1 901  is  recorded  by  Mr.  Swank  as  406,  and  as  the  practice  in  American 
works  is  to  have  a  separate  engine  for  each  blast  furnace,  and  sometimes 
more  than  one,  this  may  be  taken  as  equivalent  to  at  least  an  equal 
number  of  blowing  engines.  Then,  again,  Mr.  Swank  has  ascertained 
that  the  total  number  of  other  establishments  embraced  within  the 
elastic  and  far-reaching  limits  of  the  iron  industry,  were,  at  the  end 
of  1 90 1,  as  under — the  figures  for  the  end  of  1895  being  added  for 
comparison  : — 

Rolling  Mills  and  Steel  Works 

Cut  Nail  Factories       

Wire  Nail  Works         

Bessemer  Steel  Works  

Open-hearth  Steel  Works      

Crucible  Steel  Works 

Tinplate  and  Temeplate  Works 

Total 

Here  in  the  main  branches  of  the  iron  and  steel  industries  we  find  a 
total  of  856  establishments  in  1895,  and  of  884  establishments  in 
1901,  which  severally  call  for  the  installation  of  steam  engines  and 
electrical  and  other  equipment  on  a  more  or  less  extensive  scale. 

This  vast  field  for  engine  design  and    construction    has  naturally 
been  cultivated  with  the  energ>\  enterprise,  ingenuity,  and  adaptability 
characteristic  of   American   engineers,  and    while  the  different  forms 
and  applications  are  legion,  the  standard  types  are  comparatively  few- 
Some  Leading  Tjrpes  off  Eo^oe^. 

The  principal  makers  of  engines  for  iron  and  steel  works  arc 
not  numerous,  although  the  number  of  makers  of  engines  generally 
is  very  great,  and,  indeed,  may  be  found  distributed  over  the  whole 
country. 

One  of  the  newest  types  is  that  of  the  Corliss  blast  engine  (Fig.  47), 
which  is  in  operation  at  the  furnaces  of  the  Schoenbcrger  Steel 
Company  at  Pittsburg,  and  is  an  adaptation  of  the  Corliss  valve  motion 
to  the  inlet  air  valves,  while  the  outlet  air  valves  are  automatically 
operated  and  air- cushioned. 

Another  type  is  that  of  the  Allis  engines  built  for  the  Duquesnc 
and  other  works  by  the  well-known  engine  makers  of  that  name. 
These  are  of  the  usual  vertical  compound  condensing  form  with  28-in. 
and  42-in.  steam  cylinders,  by  5  ft.  6  in.  stroke.  At  Duqucsne  there 
are  five  such  engines  in  pairs,  with  one  pair  in  reserve  (sec  Figs.  48  and 
49).  I  was  informed  at  Duquesne  that  these  engines  not  proving  quite 
equal  to  the  work  they  had  to  perform,  a  new  engine  plant  had  been 
arranged  for. 

Among  other  types  of  engines  that  are  largely  in  asc  in  American 
iron  works,  mention  may  be  made  of  the  Southwark  compound 
densing  engine  (Fig.  50),  the  vertical  cross  compound  bla^t  fui 
blowing  engine  of  the  steeple  type,  by  the  Allis-Chalmcrs  Company^  of 
which  the  one  illustrated  in  Fig.  5 1  and  Fig.  52  has  5a-fn.  h,p.  aiui 
Lp.  cylinders,  loo-in.  air  cylinder,  and  6o-in.  stroke ;  tlie  horizontal 
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blowing  engine  of  the  same  firm,  Fig.  53  ;  and  the  Buckeye  blowing 
engine,  Fig,  54,  The  interior  of  a  large  blast  engine-house,  with  a 
battery  of  Southwark  engines,  is  illustrated  in  Fig.  55. 

In  mill  engines  well-known  types  are  those  of  the  even-geared  and 
of  the  differentially-geared  reversing  engine.  It  is  claimed  for  the 
former  that  they  have  some  of  the  advantages  of  the  direct-coupled 


reversing  enginess  without  their  heavy  cost,  while  they  are  sometimes 
preferred  where  it  is  desired  to  get  the  full  power  required  by  the  milt 
without  increasing  the  power  of  the  engines  by  the  intervention  of 
differential  gearing  (see  Fig.  56).  The  differentially-geared  engine  is  a 
type  ordinarily  used  in  reversing  mills,  and  is  to  be  found  in  a  majorityof 
American  steel  works.  It  may  be  geared  at  \arying  ratios  with  the  mill 
of  three  to  one,  seven  to  six,  etc.,  and  fitted  with  piston  valves  (Fig.  57). 
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The  direct-coupled  reversing  engine  shown  herewith  (Fig.  58)  is  in 
operation  at  some   of    the  leading  steel  works    in  the   United  States, 
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Flo,  48,— Vertical  Compc 


iticludmg  the  works  of  the  Carnerie  Steel  Company,  and  of  Messrs. 
Jones  &  Laughlins,  at  Pittsbure.  It  >s  directly  connected  to  the  rolling 
mill,  gearing  being  dispensed  with,  but  great  accuracy  of  tonsttucticn 
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is  required  to  prevent  heating  of  the  inner  crank  wrist.     This,  and  the 
cxce|>tiona)]y  heavy  weights  required,  mnke  the  engine  expensive. 

Fig.  59  illustrates  a   compound  condensing  engine,  and   Fig.  60  a 
jcross-coinpouii<!  rope-driven  Corliss  engine,  \yXh  of  which  are  well  known 
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in  AnK-rii;iii  lunvcr  pl;im>.  In  ]'"ig.  6 1  is  sh<i\viia  comjiound  condensing 
engine,  in  which  the  Imv-pressure  cylinder  is  ])Iaced  in  front  of  the 
hi[^h-pressurc  one,  and  is  Ixilted  to  tiie  rear  cm!  of  the  bedplate,  which 
ftfims  the  fnmt  head  ol  Ihc  cylinder.     Other  features  of  this  engine  arc 


tlial   the  independent  air   pinnp  is   compound,  and  the  hi-jh-presfiurc 
cjlinder  is  connected  to  the  low-pressure  b)'  distance  pieces. 

Two  other  ty])es  rna\'  be  named  — that  <if  the  compi.mrid  cnndciising 


Kessemer  blowing  engine,  illustrated  in  Hig.62,  in  transverse  and  longi- 
tudinal sections,  and  that  of  the  vertical  piston-valve  engine  shown  in 
jt-'iS- 63,  the  latter  of  which  is  built  for  situations  where  space  is  limited, and 
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is  recommended  by  Messrs.  Mackintosh,  Hemphill  &  Company  for 
drivinji  heavy  bloom  shears,  where  the  engine  is  required  to  be 
close  to  that  tool. 


Locomotive  Engines,  Electrical  Plant,  SK. 

From   the    Report  of  the    Inter-State  Commerce  Commission   for 


lL  Cross  Cdmi-oUSci  Blast 
Engink    ".STKRI'CK    TVI'E," 

1900,  with  a  copy  of  ivhich  I  have  been  favoured  by  the  president  of 
that  tribunal,  I  find  that  the  total  number  of  locomotives  in  service  in 
the  United  States  in  that  year  was  37.663,  and  that  this  is  an  increase 
of  2,171  on  the  number  in  1S94,  while  the  increase  in  1900  alone  over 
1899  was  not  less  than  960,     Of  the  total  for  1900,  21,5915  were  freight. 
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9,863  were  passenger,  and  5,621  were  switching  locomotives,  while  583 
were  unclassified. 

It  may  lend  completeness  to  this  record  if  I  add  that  at  the  same 
date  there  were  1,450,838  cars  of  all  kinds  in  service  on  American 
railways,  including  1,365,531  freight,  34,713  passenger,  and  50,594  other 
cars,  described  as  "Company's  service."  In  1900  alone  the  increase 
of  cars  over  1899  was  74,932. 

Much  has  been  written  as  to  the  general  characteristics  and  com 


Fig.  52.— Vehtical  Croijs  Compound  Blast 

FuRSACB    Blowing    Esgink    "  Stkkplb    TvrE," 

Bv  The  AluS'Ciialmeks  Co. 

parative  merits  of  the  typical  American  locomotive.  It  has  been 
compared  and  contrasted  with  its  British  rival  again  and  again,  and  I 
am  not  sure  that  any  good  purpose  would  be  served  if  I  were  to  attempt 
to  carry  the  matter  further. 

A  number  of  the  leading  American  railroads  have  their  own  loco- 
motive works.  The  Pennsylvania  Railroad  carries  on  at  Aitoona  what  is 
perhaps  the  finest  establishment  of  its  kind  in  the  world,  and  this 
oi^nisation   alone   had,   "  available   for  service   on  the    lines    of    its 


of  the  American  railroads,  buj'  llieir  locomotives  from  the  principal 
orivate  makers,  such  as  the  Baldwin  and  the  Pittsburg  Locomotive 
Works. 
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Mr.  Vauclain  handed  to  me,  at  the  works  of  the  Baldwin  Company, 
an  interesting  history  of  that  enterprise  from  1S31  to  1897,  from 
which  I  find  that  it  had  built  its  fifteenth  thousandth  locomotive 
inj  1896,    since    which    time,    however,  the  annual   output  has    been 


almost  doubled,  and  the  present  capacity  of  the  works  is  stated 
to  be  more  than  1,200  locomotives  per  annum,  or  moic  thin 
three  for  every  working  day.  Since  0^96,  moreover  the  number 
of  hands  employed  at  the  Baldwin  V\'orks  has  advanced  from  5  100 
to  about  io,200.     These  figures  arc  ^ivcn  because  they  illustrate  ihi; 


:haraCter  ol  the  plienomciial 
the  locomotive  industry  generally. 

These    advances    arc,   nf   course,  not   entirely   founded   on    home 


requirements,  although,  as  we  have  seen,  those  rcqiiircinents  have 
enormously  increased.  The  locomotives  built  in  the  United  Stales  by 
the  Baldwin  and  other  companies  are  now  exported  tu  most  of  the 
principal  countries  of  the  world,  in   competition   with  those  of  Great 
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Uritain,  which,  however,  still  retains  the  largest  foreign  business  under 
this  head. 

British  locomotive  engineers  will  probably  continue  to  hold  their 
own  so  lonfj  as  opinions  differ  as  to  whether  a  high  finish  or  a  rough 
is  the  more  desirable  ;  whether  steel  plates  or  copper  are  to  be  preferred 
for  fire-boxes  ;  whether  the  centre  of  gravity  should  be  higher  or  lower  ; 


whether  the  bugie  Iriick  is  an  essential  ;  whether  outside  cjlindcrs  and 
straitiht  or  crank  axles  yield  llic  most  satisfactory  results  :  and  whether 
the  bar  frame  is  likely  tn  hokl  the  field.  Hut  while  these  questions  arc 
likely  to  continnc  In  vex  the  sends  <if  locomotive  buyers  and  users,  I 
should,  I  think,  point  ont  that  recent  testimonj'  from  India,  Japan.  Kgypt 
and  Hurmali  has  almost  nniformly  been  in  favour  of  the  British  loco- 
inoiLve,  although  the  American  is  nsnalK'  the  cheaper  machine,  at 
least  noniinalh-. 
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Apart  from  the  importance  which  always  attaches  to  production  on 
a  large  scale,  and  which  must  favour  the  locomotive  maker,  as  well  as 
anj-  other  manufacturing  engineer,  the  locomotive  industry  of  the 
United  States  is  one  of  the  many  customers  of  the  iron  industry  of  that 
country  who  creates  demands  to  which  the  British  iron  trade  is 
relatively  a  stranger.     Mr,  Vauclain  informed  me  that  in  the  Baldwin 
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Works  alone  the  consumption  of  iron  and  steel  exceeded  3,000  tons, 
and  of  other  materials  appro .\imatcly  900  tons  per  week.  This  is  apart 
from  the  demand  due  to  the  extensive  plant  cmplojed,  which  embraces 
7,000-h.p.  in  engines,  1,850-h.p.  in  dj'namos,  and  3,500-h.i).  in  electric 
motors.  In  view  of  the  international  reputation  of  this  ^reat  estab- 
lishment, I  have  reproduced  herewith  a  ground  plan  showinii  the  location 
of  the  principal  shops,  etc.  (Fig.  59AJ. 
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In  another  section  the  development  of  electrical  plant  and  methods 
is  dealt  with,  so  that  I  do  not  propose  to  consider  the  subject  further 
here,  but  the  vast  extent  of  the  application  of  this  form  of  power  is 
sufficient!)'  indicated  by  the  figures  given  in  the  last  parafjraph  as  to  its 
use  in  the  Baldwin  Locomotive  Works  alone. 


General  Machinery  and  Machine  Tools. 

American  workshops  ffcncrally  bear  ample  testimony  to  the  vast  re- 
sources of  American  mechanical  engineers  in  the  design  and  manufacture 


of  machine  tools  of  all  kinds.  Tht;  first  tipportuiiity  that  was  afforded 
of  displaying  their  capabilities  in  this  direction  was  that  given  at  the 
Chicago  Kxhibition  <)f  iSyj,  but,  .short  as  the  interval  is  that  has  since 
elapsed,  rt  may  almost  be  affircnt'd  that  in  .some  not  unimportant  par- 
ticulars the  machine-tool  industry  of  the  L'nited  States  was  then  little 
more  than  an  infant.  Ii  is  certain  that  the  leading  manufacturing 
engineers  ha.e  since  that  year  made  vast  strides  in  the  design  and  con- 
struction of  to<ils  suited  ti.  the  working  i>f  metals,  from  tho.sc  u.sed  in 
cycle  construction  up  to  the  heaviest  employed  in  the  forging  of 
guns  and  armour  plales. 

Some  of  the  princijial  machine  tools  used   in  .American  steel  works 
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are  elsewhere  described  and  illustrated  in  this  volume.      A  few  others 
may  here  be  named. 

in  planing  machines,  one  of  the  mo.st  notable  tool.s  I  got  details  of 
was  one  designed  to  plane  25  ft.  in  length,  and  measuring  144  in.  by 
1 30  in.,  designed   for  the   heaviest  work   in   armour  plates  and  other 


forgings.  It  is  provided  with  two  saddles,  45  in.  long  on  the  cross  rail, 
which  is  42  in.  deep.  The  swivel  tool  slides  on  the  .saddles  arc  6  ft.  long 
by  20  in.  wide,  and  have  a  stroke  of  3  ft.,  while  the  tool  apron  and 
clamps  are  proportioned  for  a  cutter  bar  6  in.  square.  ^'-''^'^"  saddle  has 
its  own  feed  screw  and  rod  actuated  by  an  independent  feed  motion  at 
the  end  of  the  cross  rail,  which  is   23  ft.  8  in.   long,     t-ach  has  its  own 
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electric  motor  for  rapid  traverse,  while  another  motor  is  employed  to 
raise  and  lower  the  cross  rail.  The  housings,  or  uprights  of  box  form, 
are  30  in.  wide  on  the  face,  8  ft.  6  in.  deep,  and  each  i.s  provided  with  a 
slide-rest  having  30-in.  stroke  and  carrying  a  tool  apron  adapted  for 
4-in.  square  cutter  bar.  The  machine  is  built  by  W.  Sellers  &  Co. 
(Fig.  64). 

Fig.  65  shows  Crosgrovc's  patent  beam  straightening  and  bending 
machine,  as  made  by  Mackintosh.  Hemphill  &  Company,  in  which 
the  exact  amount  of  bending  or  .straightening  desired  is  effected  by 
projecting  the  ram  more  or  less  from  the  operating  shaft  by  thrusting 


in  a  wedge,  and  l-'ig.  66  sliow.i  a  hcaij*  shear,  made  by  the  same  firm 
for  cutting;  large  sections  of  hot  steel,  which  is  to  be  found  at  most 
of  the  leading  .steel  works  in  the  country.  It  is  found  cspeciallv  useful 
as  an  adjunct  to  blooming  mills,  where  only  approximately'  square 
heavy  blooms  are  cut  to  short  lengths.  The  .s'h:;ar  illustrated  was  built 
to  cut  10  by  10  in.  sections  of  hot  .steel. 

One  of  the  most  notable  features  of  .American  rolling  mills  is  the 
ingenuity  and  .skill  displayed  in  designing  appliances  for  the  automatic 
movement  of  ingots,  blooms,  billets,  or  other  forms  being  operated  on 
in  their  pj^ssage  from  one  stage  of  reductioi*  to  another.  Many  different 
appliances  and  sy.stcms  arc  employed  for  this  purpose.  Live  rollers, 
skid  gear,  and  tilting  arrangements  of  various  kinds  are  all  well  known 
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and  are  generally  made  use  of.  Figs.  67  and  68  illustrate  an  ingot 
manipulator  which  is  of  ingenious  design  and  is  in  extensive  use 
throughout  American  steel  works. 

In  speaking  of  rails  and  plate  mills,  some  leading  examples  have 
been  illustrated  in  previous  chapters.  The  blooming  mill  at  the 
Cambria  Steel  Works  is  one  that  may  also  be  mentioned.  It  is  one 
of  the  most  notable  in  the  country. 

The  characteristics  of  the  typical  American  engines  are  numerous, 
but  in  nothing  probably  are  they   more  so  than    in   their   valves   and 


valve -mot  ions.     Some  of  the   more  distinctive  of  these  are   but    little 
known  or  u.sed  in  Europe. 

Tools  for  Special  Vsea. 

Mr,  Newton,  of  the  Newton  Machine  Company,  of  Philadelphia, 
called  my  attention  to  several  features  that  distinguish  American  from 
British  machine-tool  practice.  That  firm,  he  stated,  made  portable 
machines  up  to  50,000  lbs.  They  attach  electric  motors  to  such 
tools  in  every  case.  Planing  machines  are  very  little  used,  their 
place  being  taken  by  a  rotating  head,  with  a  .surfacing  end  up  to  30  in. 
Rail-ending  machines  were  not  used  until  six  or  seven  years  ago. 
These  machines  have  to  get  through  a  great  deal  of  work  at  .luch  a  plant 
as  that  at  South  Chicago,  where  seven  rails  per  minute  are  rolled. 

The   American  mechanical  engineer  probably  does  more  than  his 
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British  confrere  in  desiijnin[j  and  buildinjj  tools  that  arc  adapted  for 
special  uses,  although,  in  this  connection,  one  must  not  forget  the 
splendid  work  done  by  British  engineers  on  extraordinary  occasions, 
such,  for  example,  as  the  machine-tool  plant  designed  and  built  by 
Sir  Thomas  Arrol  for  the  l-'orth  Bridge.  Mr.  Newton  gave  me  par- 
ticulars of  a  number  of  very  successful  essays  at  more  effective  machine- 
tool  work  undertaken  by  his  own  firm. 

A  typical  case  was  that  of  a  five-spindle  boring  machine,  which, 
with  oiiij-  one  man  to  operate  it,  took  the  place  of  five  lathes  and  five 
men,  who,  moreover,  had  some  helpers. 

Among  recent  features  of  the  machine-tool  practice  of  his  firm, 
Mr.  Newton  called  my  attention  to  the  machines  that  they  have  recently 
introduced  for  the  purpose  of  cutting  large  rolling  mill  gears,  which,  a.s 
is  well   known,  cannot   conveniently  be  cast.      These  machines  take  a 


i'-j  .    6^, 


5-ft.  Space,  and  can  be  m;Kie  to  take  ain- diameter  ;  but  one  just  com- 
pleted took  a  dianielcr  of  30  ft.,  with  an  8-in.  ])itch.  In  rolling  mill 
practice,  pinions  an;  being  made  witli  a   5-ft.   face. 

.Another  case  calling  for  the  design  of  special  tool.-  was  that  of 
the  enormous  generator-^  piovided  for  the  Manhattan  Elevated  Rail- 
road. Not  having  at  command  any  tools  suited  to  machine  these 
generators,  the  engineers  called  on  the  Newton  Company  to  design 
special  tools  for  the  purpose,  which  they  did. 

Mr.  Newton  sccmctl  to  hokl  the  opinion  that  British  machine-tool 
practice  was  behind  that  of  the  L'nitcd  States,  and  as  cases  illustrative 
of  this  view,  he  referred  to  the  quicker-running  cold  saws  used  in  the 
L'nited  States  for  treating  girder  rails,  beams,  and  channels,  whereby 
the  time  expended  on  the  operation  is  greatly  reduced,  comjiared  with 
the   British   .system   of  slower  motion.     The  same   remark  applies  to 
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armour  machine  tools,  one  such  tool,  supplied  by  the  Newton  Company, 
planing  36  in.  per  hour  on  a  Krupp  C-in.  plate.  .All  this,  of  course, 
is  only  another  way  of  saying  that  which  has  been  said  almost 
ad  nauseam  of  late  years,  that  in  the  United  States  the  machine  tools 
are  differently  speeded  to  those  used  in  British  practice. 
Wages  In  Ensineerlng  Shops. 
When  I  was  in  Philadelphia  I  had  a  long  interview  with  Mr. 
William  Sellers,  head  of  the  large  machine-tool  firm  of  W.  Sellers  & 
Company  (Incorporated),  who  gave  me  a  good  deal  of  information  as 
to  the  conditions  of  work  and  wages  in  that  city,  and  instructed  one 


of  his  officials  to  have  copied  for  mc,  from  a  wages  book,  a  statement 
of  the  rates  paid  to  different  classes  of  workmen.  This  statement  I 
have  published  in  the  -Appendix,  but  the  substance  of  it,  expressed  in 
terms  of  dollars  per  week,  is  as  follows  : — 


C*itgoiy 
Titter  ... 
Electrician 
Carpenter 
Toolgrinder 


i»-84 


Caregoiy 
Laliourcr ... 
Apprentice 
Helper     ... 


"5"4 


Speaking  of  lathe  work,  Mr.  William  Sellers  said  to  mc  :  "  We 
don't  think  it  is  good  policy  to  have  more  than  one  man  on  a  turnin" 
lathe,  but  there  is  a  class  of  work  that  allows  of  two  lathes  being  driven 
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to  one  man,"  The  lathes,  however,  are  generally  more  high-speeded 
than  in  Britain,  and  the  day's  work  is  longer,  being  usually  lO  hours. 
Mr.  Sellers  gave  me  the  average  wages  in  Ills  large  establishment  as 
2  dols.  60  cents  (ioh.  lod.)  for  tool  work,  and  about  i  dol.  20  cents  ($s.) 


for  ordinary  unskilled  labour  per  day.     There  are  hthc  men,  however^ 
who  draw  at  these  works  as  much  as  3I  dols.  {14s.  (ijd.)  ix;r  day, 

Ecoaomy  of  Cast-Iron  Tools. 

At  the  works  of  Willijini  Sellers  &  (.'ompany  I  was  shown  an 
interestini;  new  departure,  in  the  application  of  tools  made  of  hardened 
cast  iron,  so  as  to  take  a  cutting  edge,  at  a  cost  of  about  16  cents  per 
lb.,  in  tlie  place  if '■  Miishct  .steel"  tools,  at  35  cents  jwr  lb,  I  wa.-s 
informed  that  ihc  men  prefer  the  n.se  of  the  cast  iron,  both  because  the 


SOME   FEATURES   CF   AMERICAN    ENCINEERING. 


227 


metal  is  harder,  and  because  if  the  tool  is  injured  in  any  way,  they 
do  not  lose  time  in  going  through  necessary  but  troublesome  forms 
to  procure  another,  as  they  would  do  with  the  more  costly  steel. 
The  worn-out  cast-iron  tools  arc  sent  back  to  the  foundry  to  be 
remclted. 

In   the  same  shops   I   saw  in  operation  a  machine  for  sharpening 
tools,  which,  as  I  was  informed,  can  do  all   the    tools   used    by   about 


700  hands,  forming  and  grinding  them  at  the  rate  of  about  60  per 
hour,  i  also  noticed  two  men  workini^  auto-gear  cutters,  attending  lo 
several  machines  at  one  time. 


Heavy  Machine  Tools. 
Some  15  or  20  years  ago,  in  the   United  .States,  the  manufacture  of 
very  heavy  machine  tools  had  hardly  been   undertaken  to  any  extent 
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worth  six;aking  of.  Many  of  the  principal  tools  of  this  description  were 
imported  from  Great  Hritaiii.  It  is  not  more  than  lo  years  since  the 
Carnegie   Company  imixirtcd  their  heaviest  armour-planing  machines 


from  Sa)tlanil.     The  liritisli   Islos  were  par  excellence  the  home  of  the 
heavy  niadiiiie-timt  indiistrj'. 

Tliis  ctinditiiMi  is  now  greatly  changed.  There  arc  many  firms  in 
the  I'liiied  States  that  iiniicriakc  the  prwhiction  of  the  very  heaviest 
chL-is  of  uiacliiiie  tools.     Such  tools  have  been   imported  into  British 
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workshops,  including  several  armour-planing  machines  of  exceptional 
size,  which  have  been  adopted  at  one  of  the  leading  Sheffield  works. 
Several  firms  in  America  now  undertake  the  production  of  such  tools. 
Mr.  William  Sellers  gave  me  some  particulars  of  an  armour-plate 
planer,  which  his  firm  had  designed  for  and  supplied  to  the  Midvalc 
Company,  and  which  is  in  some  respects  remarkable  and  typical.  It 
takes  a  cut  of  100,000  lbs.,  or  four  cuts  of  25,000  lbs.  each,  runs  back  at 
a  high  rate  of  speed,  has  a  slow-speed  undercut,  and  is  12  ft.  wide  by 
10  ft.  high. 

Pneumatic  Tools. 

One  of  the  prominent  features  of  the  machine  shops  of  the 
United  States  is  the  large  use  of  pneumatic  tools.  These  tools  work 
at  80  to  100  lbs.  pressure.  It  is,  perhaps,  unnecessary  that  I  should 
go  into  details,  as  the  types  of  air-driven  tools  in  use  in  the  United 
States  have  been  applied  in  British  workshops  for  many  years. 
Portable  pneumatic  tools  are,  however,  a  more  distinctive  American 
invention.* 

One  of  these  systems,  known  as  the  Caskey  riveter,  at  a  works 
in  Philadelphia,  drives  4,800  rivets  per  day  with  six  men — one  to 
operate  the  machine,  two  to  bolt  up  the  work,  and  three  to  heat  the 
rivets. 

The  Invention  of  Improved  Tools. 

Two  other  features  of  the  mechanical  engineering  workshops  of 
the  United  States  claim  attention — the  first,  the  widespread  and 
increasing  use  of  special  machinery ;  the  second,  the  persistent  efforts 
of  both  employers  and  employed  to  invent  something  that  will  do 
better  work  than  the  machine  which  it  is  intended  or  expected  thus 
to  replace. 

It  has  been  said  that  an  American  mechanic  not  only  invents 
wonderful  labour-saving  machines,  but  he  also  invents  machinery  to 
build  the  machines.  I  recently  came  across  a  few  reflections  on  this 
subject  which  express  so  exactly  the  true  situation  that  I  herewith 
reproduce  them  ///  extenso : — 

**  It  is  one  of  the  peculiarities  of  American  mechanics  that  in  the  evohition  of  an 
idea  a  device  of  totally  new  form  may  be  found  an  essential  part.  When  perfected 
perhaps  no  standard  machine  or  process  will  produce  it  to  the  satisfaction  of  the 
inventor.  It  may  sometimes  happen  that  an  invention  cannot  be  utilised  because  it 
requires  a  part  or  parts  too  difficult  or  expensive  to  make  for  the  purpose.  Ordinarily, 
however,  the  inventor  is  not  vanqrished  by  such  an  obstacle,  but  proceeds  further,  and 
originates  a  method  by  which  his  purpose  is  accomplished.  Much  is  being  done  in 
this  way  in  small  shops,  in  which  the  use  of  special  machines  would  hardly  be 
expected.  It  can  be  said,  however,  that  few  metal- working  factories  of  any  preten- 
sions can  be  found  in  which  the  machine  shop  is  not  employed  to  some  extent  on 
special  machines  for  their  own  use,  and  which  are  preferably  built  on  the  premises. 
The  experimental  department  involves  considerable  expense,  and  much  money  may  at 
times  be  sunk  in  it  without  an  adequate  return,  but  it  is  found  necessary  for  the 

•  While  I  was  in  the  United  States,  it  wa^  announced  that  one  of  the  lari^est  shipbuiKlinj^ 
firms  in  Scotland  had  given  to  one  of  the  largest  pneumatic  t(X)l  companies  an  order  for  1,525 
pneuma'tic  tools,  as  follows: — 275  Hoyer  long-stroke  hammers,  350  No.  l  Boyer  chipjnng  ami 
caulking  hammers,  400  No.  2  Boyer  chipping  and  caulking  hammers,  25  No.  000  Boycr  exten- 
sion riveters,  25  No.  000  Boyer  yoke  riveters,  25  i^  in.  by  6  in.  Boyer  yoke  riveters,  150 
No.  2  Boyer  drills,  250  No.  3  Boyer  drills  25  No.  4  Chicago  breast  drills. 
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vitality  of  the  enterprise.  The  manufacturers  who  do  not  experiment,  or  who  arc  not 
on  the  alert  to  find  something  better  than  they  Jire  using  or  producing,  are  in  danger 
of  being  left  in  the  rear." 

Compressed  Air. 

Another  notable  feature  of  mechanical  workshops  and  foundries 
is  the  extensive  use  of  compressed  air  as  a  means  of  power  trans-^ 
mission.  To  a  large  extent  this  medium  of  power  is  a  formidable 
rival  to  electricity.  I  have  been  informed  of  one  engine  works 
where  there  arc  about  30  cranes  operated  by  compressed  air,  and 
of  another  where  a  new  form  of  shear,  actuated  by  compressed  air, 
enables  two  boys  to  cut  off  700  to  800  locomotive  boiler  stay  bolts 
per  day  of  ten  hours,  which  is  many  times  the  output  got  by  the 
hammer  and  chisel  formerly  employed.  Compressed  air  is  also 
largely  employed  in  foundry  practice,  in  drawing  patterns,  closing 
flasks,  etc. 

Electricity  is  now  almost  universally  employed  in  American 
engineering  workshops,  and  it  is  the  usual  practice  to  give  each 
machine  its  own  independent  motor.  For  some  purposes,  however, 
manufacturers  often  prefer  to  employ  compressed  air. 

Effect  of  Cheaper  and  Better  Steel. 

The  capacity  of  American  machinery  manufacturers  to  compete 
in  outside  markets  has  been  much  facilitated  of  late  years  by  the 
command  of  a  cheaper  and  more  suitable  quality  of  steel.  This 
circumstance  recently  led  some  manufacturers  to  place  contracts  for 
.soft  steel  to  take  the  place  of  the  rolled  iron  sections  which  they* 
had  previously  been  using.  Soft  steel  having  a  tensile  strength  of 
6o,coo  lbs.  to  the  square  inch,  as  compared  with  45,000  to  50,000  lbs. 
for  ordinary  bar  iron,  the  greater  toughness  of  the  steel  has  enabled 
manufacturers  to  reduce  the  thickness  of  the  parts  thus  made,  and 
permitted  them  to  build  lighter  machines  than  when  iron  was  used. 
This,  however,  has  necessitated  a  change  in  the  machinery  and 
methods  throughout  the  shojjs,  in  new  dimensions  of  dies,  etc. 

A  Story  with  a  Moral. 

For  a  number  of  years  j)ast  the  aim  of  the  American  manu- 
facturing engineer  and  inventor  has  been  to  make  machinery  as  far 
as  possible  automatic.  In  other  words,  every  effort  is  made  to 
reduce  the  necessary  dependence  of  employers  on  skilled  and  highly- 
paid  workmen,  as  such.  This  end  is  also  facilitated  by  the  American 
practice  of  almost  infinite  duplications  of  machine  products.  A  short 
story  recently  published  shows  the  tendency  of  this  movement.  In 
a  well-known  engineering  shop  a  large  planer  was  installed.  It 
was  a  much  bigger  tool  than  any  other  in  the  shop,  and  repre- 
sented quite  a  change  in  the  equipment.  A  competent  machinist 
was  given  charge  of  the  planer,  and,  after  running  it  for  a 
month,  he  asked  for  an  advance  in  wages,  claiming  that  he 
should  receive  higher  pay  on  account  of  its  greater  size  and  the 
heavier  work  turned  out  by  it.  He  was  given  another  job,  and  a 
second  man  was  assigned  to  the  machine.     In  a  short  time  he  made 
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the  same  demand,  and  a  third  man  was  put  in  charge  of  the  planer, 
with  whom  the  manager  had  a  like  experience.  Growing  tired  of 
this  result  of  putting  good  mechanics  in  charge  of  what  he  con- 
sidered a  simple  tool,  the  manager  asked  the  foreman  of  a  labouring 
gang  to  point  out  some  man  from  among  them  of  fair  intelligence 
and  a  little  education.  Such  a  man  was  found,  and  the  manager 
asked  him  :  "  Can  you  read  and  write  ?  "  "  Yes."  "  Have  you  ever 
worked  in  a  machine  shop  or  at  any  kind  of  a  machine?"  **  No." 
This  being  deemed  a  satisfactory  condition  precedent,  the  man  was 
taken  into  the  machine  shop,  and  put  in  charge  of  the  planer,  and 
after  a  course  of  instruction  extending  over  two  or  three  weeks  he 
was  able  to  manage  the  tool  without  supervision,  and  was  regularly 
employed  to  operate  it  from  that  time.  The  selection  of  this  man 
was   designed   as,  and   proved    to   be,   a   lesson    to  all   the    men. 

Some  Differences  of  Importance. 

A  recent  writer  has  declared  the  essential  difference  between 
European  and  American  engineering  workshop  practice  to  be,  that 
while  the  Americans  rely  mainly  on  labour-saving  machinery,  under 
which  a  high  percentage  of  low-paid  labour  is  possible,  and  not  on  a 
large  number  of  average  workers,  the  European  machine  shop  maintains 
a  much  larger  number  of  skilled  workers  at  a  high  rate  of  wages,  and 
<lo  not  equally  rely  on  labour-saving  machinery  and  methods. 

In  a  number  of  the  leading  machine  shops  of  the  Unitejd  States,  the 
practice  now  adopted,  with  a  view  to  keeping  down  the  wages  bill,  is  to 
rough-mill  large  surfaces  on  heavy  milling  machines,  and  then  to  finish 
these  surfaces  accurately  with  a  light  cut  on  the  planing  machine.  It 
has  been  claimed  that  under  this  system  75  per  cent,  of  the  work  is 
done  by  unskilled  labour,*  one  man  running  from  two  to  four  machines, 
while  the  wages  of  the  skilled  mechanic,  who  is  mainly  concerned  in 
seeing  that  the  tools  are  in  good  working  order,  are  distributed  over  a 
group. 

It  has  been  said  that  a  characteristic  pecuhar  to  American  makers  of 
machinery  is  the  constant  interchange  of  information,  even  between 
sharp  competitors.  It  has  also  been  said  that  **  shops  are  usually  open 
to  all  visitors,  and  little  of  that  narrow  spirit  too  often  shown  by 
European  manufacturers  exists  among  American  machine  tool-makers." 
Both  of  these  conditions  came  under  the  range  of  my  own  observation 
again  and  again.  The  former  is  largely  due  to  the  fact  that  American 
works  specialise  a  good  deal  more  than  those  of  Europe,  so  that  they 
have  a  more  limited  area  within  which  to  confine  and  collect  their 
information  as  to  one.  another's  doings.  The  second  is  a  function  of 
the  prevalent  thirst  for  new  ideas,  which  is  only  to  be  (juenched  by 
interchange  of  experience,  and  the  prominent  results  of  which  are  the 
ready  adoption  of  the  improvements  in  methods  of  manufacture. 

Arrmngement  and  Characteristics  of  American  Machine  Shops. 

While  some  of  the  better  known  machine  shops  of  the  United  States 
are  not  by  any  means  modern  in  the  American  acceptation  of  the  term, 

*  H.  F.  L.  Orcutt  in  the  En^itieerin^  Magazine  for  February,  1899,  p.  706. 
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others  are  probably  at  least  equal  to  anything  to  be  found  in  the  Old 
World  in  the  perfection  and  completeness  of  their  equipment.  In  this 
latter  category  special  notice  is  merited  by  the  new  works  of  the  Mesta 
Machine  Company,  located  near  to  the  Homestead  Steel  Works,  in  the 
vicinity  of  Pittsburg.  The  foundry  department  of  this  plant,  which  is 
illustrated  herewith  (Fig.  69),  is  especially  notable. 

This  plant  was  only  constructed  in  1899,  and  it  embraces  the  most 
modern  equipment  in  the  United  States  for  the  manufacture  of  heavy 
Corliss  engines  and  rolling-mill  machinery,  while  it  is  claimed  to  be  the 
largest  plant  in  the  world  engaged  in  building  rolls  and  rolling  mills. 
The  Mesta  Company  have  facilities  for  making  sand,  chilled,  and  steel 
rolls,  their  equipment  embracing  two  15-ton,  two  18-ton,  and  two  30-ton 
air  furnaces.  The  foundry  department  is  820  ft.  by  125  ft.,  and  is 
equipped  with  nine  overhead  travelling  cranes,  ranging  in  capacity  from 
10  to  50  tons.  The  air  furnaces  in  the  roll  foundry  are  charged  by  an 
electric  travelling  crape,  direct  from  the  metal  yard.  In  the  green  and 
dry  sand  foundry,  which  is  210  ft.  by  280  ft,  the  equipment  embraces 
72-in.  and  84-in.  cupolas,  a  number  of  overhead  travelling  cranes^ 
ranging  in  capacity  from  10  to  50  tons,  drj-ing  ovens,  core  ovens,  and  a 
brick-moulding  department  for  casting  cylinders,  etc.  A  special  shop 
for  the  moulding  of  gears  is  placed  between  the  steel  foundries,  so  that 
the  moulds  may  with  equal  facility  be  filled  with  iron  or  steel.  The 
foundry  buildings  are  placed  parallel  to  and  directly  opposite  the 
machine,  chipping  and  finishing  shops,  instead  of  tandem,  and  the  rail- 
\vay  tracks  are  so  arranged  that  the  raw  material  passes  through  the 
departments  that  deal  with  it  in  consecutive  order,  without  entering 
any  other. 

A  ground  plan  of  the  Mesta  Machine  Works  is  shown  on  page  233. 

The  steel  foundry  at  the  Mesta  Machine  Company's  Works  is  one  of 
the  best  equipped,  as  it  is  also  one  of  the  latest  in  the  country.  It  is 
280  ft.  by  125  ft.,  and  has  one  25-ton  and  one  30-ton  acid  open-hearth 
steel  furnaces,  controlled  by  four  overhead  travelling  cranes.  One 
annealing  oven  is  of  the  largest  size,  and  is  fed  with  natural  gas :  it 
anneals  castings  up  to  50,000  lbs.  Steel  is  largely  employed  in  casting 
cranks,  rolls,  housings,  engine  shafts,  etc.  A  building  adjacent  to  the 
steel  foundry  is  equipped  with  cold  saws,  and  other  plant  for  cleaning 
the  castings  as  received  from  the  foundry. 

Works  and  Operations  of  Mackintosh,  Hemphill  &  Company. 

While  in  Pittsburg  it  occurred  to  me  as  desirable  to  learn  something 
of  the  conditions  under  which  such  works  as  the  Duquesne  and 
Homestead  were  furnished  with  their  mills  and  other  plant,  and  I 
therefore  asked  for  and  obtained  permission  to  see  over  the  v/orks  of 
Mackintosh,  Hemphill  &  Com[)any,  which  are  located  within  the  city 
boundaries,  have  been  carried  on  since  the  year  1859,  and  have  probably 
suj)plie(l  a  larger  percentage  of  the  heavy  rolling  mills  now  in  use 
than  any  other  concern   in   the   United   States. 

r^or  a  number  of  \ears  jxist  this  concern  has  made  a  feature  of  the 
heaviest  type  of  blowing  engines,  riveting  machines,  compound  mill 
engines,  and  blooming,  plate,  rail,  and  universal  mills. 
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Their  contracts  during  recent  years  have  included  two  plate,  two 
slabbing,  two  beam,  and  two  universal  mills  for  the  Homestead  Works, 
And  a  large  amount  of  the  work  called  for  by  the  Uuquesne,  I.x>rain, 
Cambria,  and  other  leading  concerns,  embracing  the  Mingo  Junction 
plant  of  the  National  Steel  Company,  the  Riverside  Works  at 
Wheeling,  the  Bellair  Iron  Works  at  Wheeling,  the  Wheeling  Steel 
Company's  Works,  the  Ilhnois  Steel  Company's  Works,  the  works  of 
the  Colorado  Fuel  and  Iron  Company,  the  Newcastle  Tinplate  Works, 
the  Sharon  Steel   Company's  Works,  etc. 

The  contracts  on  hand  by  the  firm  included  a  40-in.  blooming 
mill  for  the  works  of  the  St.  Clair  Ste^l  Company — the  property  of 
the  Crucible  Steel  Company — with  steam  equipment,  and  a  55  by 
60-in.  reversing  engine  ;  a  30-in.  universal  mill,  with  tables,  and  a 
46  by  60-in.  reversing  engine  for  the  Sharon  Steel  Company ;  a  40-in. 
blooming  mill,  and  55  by  60-in.  reversing  engines  for  the  Colorado 
Steel  W'orks  ;  a  40-in.  mill  and  a  72  by  60-in.  tandem  engine  for  the 
Kokoma  Wire  Company,  Indiana  ;  a  30-in.  mill,  and  a  60  by  72-in. 
cross  compound  engine  for  the  Sharon  Steel  Works  ;  two  30-in.  mills 
and  60  by  60-in.  cross  c()mj)ound  engines  for  the  Colorado  Company  ; 
and  a  40-in.  mill  for  the  Ducjuesnc  Steel  Works.  The  design  and  con- 
struction of  heavy  shears  is  a  notable  feature  of  these  works,  and  among 
those  now  on  hand,  to  be  driven  by  steam  ix)wer,  is  one  that  will  cut 
8  by  24  in.  ;  one  to  cut  4  by  24  in. ;  and  one  to  cut  4  by  40  in. ;  while 
in  this  line  of  work  the  firm  has  made  a  single  casting  weighing  67  tons 
for  the  bed  of  a  hydraulic  shears.  Another  example  of  heavy  work  pro- 
duced is  furnished  by  the  housing  of  the  40-in.  blooming  mill  now  being 
built  for  the  St.  Clair  Steel  Works  of  the  Crucible  Steel  Company. 

It  rarely  happens  that  works  of  this  description  call  for  much 
notice  apart  from  their  products.  This  case  is  no  exception  to  the 
rule.  Indeed,  the  works  arc  old,  as  American  works  go,  and  rather 
cramped  for  sj)acc,  being  built  in  on  all  sides.  Nevertheless,  they 
have  turned  out  some  of  the  most  notable  pieces  of  work  that  go  to 
make  up  American  foundry  engineering  records,  including  steel 
castings  up  to  38  tons.  The  foundry  is  the  largest  and  most  interesting 
fejture  of  the  works.  Here  there  are  two  15-ton  melting  furnaces, 
which  are  used  for  castings  of  the  largest  size.  Steel  castings  are  nearly 
altogether  used  for  roll  gearing  and  housings.  No  machine  moulding 
is  aj)i)licd.  The  works  arc  commanded  by  14  electric  cranes.  The 
general   rates  of  wages  j)aid   are  :  ■  ■ 

Moulders  and  founders  3}  dols.  per  day. 

Men  making  moulds     ...     4'j     „ 

Labourers  'i     u  ^ 

The  hours  worked  average  nine  per  da)'.  Mr.  Hemphill  informed 
me  that  in  Tittsburg  the  rate  of  wages  paid  for  the  same  class  of  work 
was  33  per  cent,  more  than  in    rhiladelpbia. 

The  extent  to  which  the  outi)ut  of  steel  is  likely  to  be  increased  in 
the  future,  and  the  character  of  i)lant  adopted,  are  indicated  by  the  fact 
that  this  one  firm  has  now  on  hand  four  40-in.  mills  for  the  w^orks  at 
St.  Clair,  Cambria,  Duquesne,  and  C'olorado.  All  of  these  mills  arc 
geared  instead  of  being  direct. 
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Iron  and  Steel  Foundries  and  Foundry  Operations. 


Extent  of  Foundry  Interest  and  Pig  Supplies. 

THK  foundry  business  of  the  United  States  is  of  large  extent,  and  is 
entitled  to  consideration  as  representing^  in  many  ways  the  most 
advanced  practice  in  any  country.  This  is  almost  a  necessary  conse- 
quence of  the  infinite  variety  of  uses  to  which  foundry  products  are 
applied  in  American  engineerinj^  workshops,  and  the  recent  large 
development  of  the  iron  trade  generally. 

Of  the  i6  million  odd  tons  of  pig-iron  produced  in  the  United 
States  in  1901,  probably  11^  million  tons  were  applied  to  the  manu- 
facture of  steel  by  various  processes,  while  the  great  bulk  of  the 
remainder  was  used  in  foundry  practice.  If  wc  include  steel  castings, 
the  quantity  of  pig-iron  worked  up  in  foundries  would  be  larger. 

The  colossal  extent  of  the  foundry  interest  of  the  United  States 
may  be  roughly  indicated  by  some  recent  statistics,  collected  and  issued 
by  an  American  trade  journal  ('//le  Foundry)  which  show  that  there  are 
4,620  foundries  in  which  iron  is  melted,  varying  in  importance  from 
a  heat  once  in  three  months  or  longer  to  concerns  melting  hundreds 
of  tons  daily.  Pennsylvania  heads  the  list  with  (^j\6 ;  New  York  is 
second  with  515;  Ohio  third  with  4C0 ;  Illinois  fourth  with  298; 
Michigan  fifth  with  230;  and  Indiana  sixth  with  185.  Of  cities  in  the 
United  States  that  are  centres  of  the  foundry  industry,  Chicago  takes 
the  lead,  with  Philadelphia,  Pittsburg,  New  York  and  Brooklyn  in  order 
as  named,  the  highest  total  being  83  and  the  lowest  73.  As  might  be 
expected,  it  is  shown  that  where  iron  manufactures  are  most  in  evidence, 
the  foundry  trade  has  its  chief  business  centres. 

The  foundry  interest  draws  its  supi)lies  of  pig-iron  over  a  very  wide 
area.  In  the  Pittsburg  district,  and  in  New  York,  Pennsylvania  and 
West  Virfjinia  generally,  the  relative  proportions  of  foundry  iron  produced 
are  inconsiderable.  A  good  deal  of  the  foundry  iron  is  produced  in  the 
southern  States,  and  especially  in  the  States  of  Alabama  and  Tennessee, 
which  send  their  products  pretty  nearly  all  c^ver  the  country. 

It  is  a  prevalent  custom  among  iron-founders  to  mix  their  foundry 
iron,  and,  generally  sj>eaking,  the  founder  who  has  acquired  the  greatest 
experience  and  skill  in  making  mixtures  is  thereby  enabled  to  secure 
the  greatest  reputation.  The  varieties  known  as  Ohio  soft  and 
American  Scotch  foundry  irons  are  obtained  by  mixing  local  silicious 
ores  and  cinder,  in  the  near  neighlx>urhood  of  Pittsburg,  with  Lake  ores, 
which  give  a  soft  and  strong  iron,  free  from  excessive  amounts  of 
sulphur,  phosphorus  and  manganese,  and  having  rather  large  quantities 
of  silicon. 

The  furnaces  of  the  south  have  to  deal  with  an  ore  which  is  silicious 
and  carries  relatively  large  quantities  of  phosphorus,  and  a  coke  which 
U-suilly  carries  more  .sulphur  than  the  Connellsville.  The  furnaces  pro- 
ducing "local  coke  foundry,"  u.se  a  rich  ore,  and  with  low  fuel  consump- 
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tion»  make  an  iron  strong  on  account  of  its  freedom  from  sulphur  and 
phosphorus,  but  with  relatively  low  silicon. 

A  recent  writer  has  pointed  out  that  in  the  United  States  the 
impossibility  of  always  making  an  iron  suitable  for  a  particular  purpose 
artd  of  knowing  what  kind  of  iron  would  run  from  the  furnace  until  it 
was  cooled  and  examined  led  to  the  divorce  of  the  furnace  from  the 
foundry  business,  the  two  businesses  being  formerly  combined,  as  is 
shown  by  the  fact  that  the  superintendent  of  the  furnace  is  yet  called 
the  founder. 

The  following  are  typical  specifications  for  chemical  composition  of 
American  foundry  irons  : — 

Special  Hani  Iron  (Close  Grained), 

Silicon  must  be  between  120  and  r6o  percent.  (Below  r20  the 
metal  will  be  too  hard  to  machine  ;  above  r6o  it  is  liable  to  be  porous 
unless  much  scrap  be  used.) 

Sulphur  must  not  exceed  0095  P^^  cent.,  and  any  casting  shouting 
on  analysis  01 15  or  more  of  sulphur  will  be  the  cause  for  rejectment 
of  the  entire  mix.  (Above  01 15  per  cent.,  sulphur  produces  high 
shrinkage,  shortness  and  ''brittle  hard  "  iron.) 

Phosphorus  should  be  kept  below  070  per  cent.,  unless  specified  for 
special  thin  castings.  (High  phosphorus  gives  brittle  castings,  under 
impact.) 

Manganese  should  not  be  above  070  per  cent.,  except  in  special 
chilled  work. 

Medium  Iron. 

Silicon  to  be  between  140  and  2  per  cent.  (Silicon  at  1*50  gives  the 
best  wearing  result  for  gears.) 

Sulyjhur  must  not  exceed  00S5  per  cent.,  and  any  casting  showing  on 
analysis  0095  per  cent,  or  more  of  sulj)hur  will  be  the  cause  for  reject- 
ment of  the  entire  mix.       Sulphur  preferred  at  0075  to  0080  per  cent.) 

Phosphorus  should  be  kept  below  070  per  cent.,  except  in  special 
work. 

Manganese  should  be  below  070  unless  otherwise  specified. 

Soft  Iron. 

Silicon  must  not  be  less  than  2'20  or  more  than  2*80  per  cent,  with 
a  preference  for  about  240.  ( Below  220  per  cent,  small  castings  will 
be  ver\'  hard  ;  above  2*So  large  castings  will  be  somewhat  weak  and 
have  an  open  grain. 

Sulphur  in  no  case  must  exceed  00S5  per  cent.  High  .sulphur 
makes  iron  "  brittle  short  "  and  causes  excessive  shrinkage. 

For  frictional  wear  in  brake  shoes,  etc.,  the  sulphur  may  run  up  to 
0*150  per  cent. 

Phosphorus  should  be  kept  below  070  per  cent.,  except  in  cases 
where  great  fluidit\'  is  recjuired,  as  in  thin  stove  j)late,  when  it  may 
run  up  to  1*25  per  cent.      Phosjjhorus  makes  iron  brittle  under  impact. 

Manganese  .slu>uld  be  kept  below  070  per  cent.,  except  in  chilled 
work.  For  a  hcav\'  chill  the  manganese  niav  varv  from  070  to  !'25 
per  cent. 
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Foundry  Mechanical  Appliances. 

No  one  can  visit  an  American  foundry  of  the  latest  design  without 
being  much  struck  with  the  remarkable  improvements  which  recent 
years  have  brought  about  in  mechanical  equipment.  Electric  or  other 
cranes,  moulding  machines,  core  boxes,  and  other  appliances  have 
come  into  much  more  general  use  than  formerly.  Cupola  practice 
has  been  greatly  improved  and  economised.  The  production  and  use 
of  patterns  are  carried  out  in  a  much  more  scientific  manner.  The 
structures  employed  are  better  built,  are  more  roomy,  and  are  in  other 
respects  more  up  to  date,  and  in  the  majority  of  the  principal  shops 
economy  has  been  facilitated  in  other  ways.  Some  of  the  latest  types  of 
foundries,  both  for  pipes  and  for  general  castings,  appear  to  leave  little 
room  for  improvement. 

The  most  perfunctory  examination  of  the  American  trade  journals 
devoted  to  the  foundry  interest  will  show  how  vast  and  varied  is  now 
the  equipment  placed  at  the  command  of  the  American  founder  to-day, 
compared  with  that  of  only  a  few  years  ago.  It  is  not  too  much  to 
say  that  hundreds  of  engineers  and  manufacturers  are  now  catering 
for  the  founders*  business  where  probably  there  were  not  tens  so 
occupied  less  than  20  years  ago. 

This  result  has  been  mainly  due  to  the  general  adoption  of  superior 
equipment  and  plant,  but  it  has  been  largely  facilitated  by  the  general 
adoption  of  a  system  of  piece  work  which  makes  the  individual  work- 
man feel  a  personal  interest  in  the  business,  by  the  introduction  of  more 
rapid  methods  of  analysis,  and  by  a  more  capable  person fte/  generally. 

Castings  of  very  large  dimensions  arc  still  generally  excluded  from 
the  use  of  moulding  machines,  notwithstanding  that  the  capacities  of 
such  machines  have  been  greatly  increased.  Castings  of  great  depth 
and  intricacy  are  not  well  suited  to  this  method.  But  work  having 
a  considerable  amount  of  detail,  provided  it  is  shallow,  is  said  to  be 
usually  adapted  for  the  machine.  A  recent  author  states  that  '*  Fairly 
deep  work,  provided  it  is  plain,  is  much  better  lifted  by  machine  than 
by  hand.  Hut  a  machine  will  lift  onh-  vertically,  while  some  patterns 
have  to  be  drawn  out  at  an  angle,  or  with  a  special  twist  ;  or  draw- 
backs, or  loose  rings  of  sand  will  modify  matters  so  much  that  the 
machine  would  rather  complicate  than  simplify  moulding.  Work  with 
middle  parts  is  not  adapted  for  machine  moulding.  Cylindrical  sections 
are  highly  adaptable.  The  best  of  all  is  that  which  is  shallow  and 
easy  to  ram  and  deliver.  And  the  highest  economies  are  obtained 
by  the  grouping  of  numerous  small  pieces  on  one  plate.  It  is  obvious 
that  for  work  in  which  the  making,  setting,  and  fixing  of  cores  occupies 
more  time  than  the  actual  moulding  of  the  pattern,  the  economies 
of  machine  moulding  are  not  so  great  as  that  in  which  the  conditions 
are  reversed." 

In  the  case  of  one  of  the  most  recent  foundries  built  in  the  United 
States — that  of  the  Seaboard  Steel  Casting  Company,  of  Chester,  Pa. — 
10  cranes  were  required  for  the  needs  of  the  foundry  and  machine 
shops  of  the  company,  and  the  /ro//  Age  states  that  each  was  specially 
designed  for  the  particular  class  of  work  required  of  it.  All  the  cranes 
are  furnished  with  large  motors  in  order  to  meet  any  emergency  and 
prevent  delays  and  interruptions  caused  by    breakdowns,   etc.,  due  to 
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heavy  overloading.  All  parts  of  the  cranes  of  similar  capacity  are 
interchangeable.  One  of  the  features  of  the  design  of  these  cranes  is 
that  the  gear  wheels  are  cut  from  solid  blanks  of  open-hearth  steel  of 
60,000  lbs.  tensile  strength,  in  order  to  obtain  the  maximum  strength. 
Five  cranes  are  of  50-ft.  span  each,  and  serve  the  main  floor  of  the 
foundry,  all  travelling  on  one  runway,  extending  the  length  of  the 
building,  some  560  ft.  They  consist  of  two  of  30  tons  capacity  each, 
one  of  25  tons  capacity,  and  two  of  10  tons  capacity  each.  This  may 
be  regarded  as  a  typical  American  foundry  crane  equipment  of  the 
most  modern  kind. 

Analysis  versus  Fracture  of  Pi^-lron. 

When  I  was  in  Philadelphia  I  accepted  an  invitation  from  Mn 
Outcrbridge,  one  of  the  best  known  authorities  on  American  foundry 
practice,  to  visit  the  important  foundry  there  under  his  control,  and  I 
learned  from  him  that  there  ap[>cars  to  be  every  appearance  that 
chemical  analysis  will,  before  long,  be  wholly  substituted  in  the  United 
States  for  fracture,  as  a  test  of  quality.  Most  American  founders  are 
now  specifying  analysis  for  this  purpose,  and  hence  the  very  rapid 
advance  in  the  use  of  pig-iron  casting  machines,  which  are  found  in  a 
number  of  the  leading  iron  works. 

On  the  other  hand,  it  is  agreed  that  ''  the  purchase  of  pig-iron  by 
analysis  would  lead  to  more  dissatisfaction  than  by  fracture,  because 
the  openness  of  the  grain  is  very  important.  It  would  amount  to  a 
guarantee  on  the  part  of  the  furnace.  If  a  second  analysis  was  made 
it  would  not  agree  with  the  first.  It  is  never  claimed  that  anything 
but  silicon  would  be  guaranteed,  but  total  carbon  is  of  as  much  importance 
as  silicon.  If  the  founder  knows  enough  about  iron  to  know  the 
approximate  silicon  by  the  fracture,  he  will  be  able  to  buy  silicon 
cheaper  by  fracture,  and  if  the  iron  happens  to  be  deficient  in  silicon 
it  is  easily  made  up." 

The  friends  of  fracture  stoutly  maintain  that  of  two  irons  having 
the  same  chemical  com[)ositi()n,  the  one  having  the  most  open  grain 
will  make  the  best  castings,  because  it  was  made  at  a  higher  tempera- 
ture. This  is  a  theory  that  finds  pretty  general  acceptance  in  Great 
Britain,  but  the  leaders  of  foundry  practice  on  the  other  side  of  the 
Atlantic  look  upon  this  idea  as  more  or  less  exploded. 

American  Foundry  Costs. 

The  cost  of  the  American  foundry  castings  was  recently  declared* 
to  have  varied  per  100  lbs.,  at  typical  foundries,  as  follows  : — 

1901.  1900.  1899.           1898. 

Co^t  of  Materials  and  labour —  «l«)Is.  dols.  dols.             doU. 

Metals              ...         ...         ...  07694  08479  0*4642  0*4589 

Melting            ...          ...         ...  0043^)  00453  0*0380  0*0368 

Moulding         ...         ...         ...  00060  00072  0*0065  0*0062 

Cores                ...         ...         ...  00 1 61  0013S  0*0123  0*0138 

Salaries                 ...          ...         ...  04729  0*4550  041 17  0*9985 

Miscellaneous  c'\|)en>e^...         ...  005S3  1*4266  i*ooc;7  0*9985 

C'ost  per  100  lb.  castings            ...  r3<'S3  14206  1*0097  0*0885 

Defective  (asling>,  percent.     ...  5S  22  21  2*5 

*  Bulletin   «'f  ihc    An'.ciicaii  Fniiiuiiymcn's  Associa'On,  February,  1902. 
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From  this  statement  it  would  seem  that  the  cost  of  producing 
foundry  castings  in  the  United  States  has  increased  of  late  years 
under  every  head,  the  total  advance  being  nearly  50  per  cent.,  while 
the  percentage  of  defectives  has  increased  ;  but  the  former  result  is 
mainly  due  to  the  boom,  and  the  latter  is  merely  accidental. 

Foundry  men's  Associations. 

There  are  several  Foundry  men's  Associations  in  the  United 
States,  established  for  the  purpose  of  discussing,  and  comparing  notes. 
on,  the  technical  and  commercial  aspects  of  foundry  operations,  and 
no  one  can  doubt  that  these  societies  have  been  very  helpful  to  the 
owners,  managers  and  foremen  of  foundry''  works.  Their  discussions 
generally  assume  a  very  practical  shape,  and  point  to  increase  of 
economy,  wherever  practicable. 

The  American  Foundry  men's  Association  was  established  less  than 
six  years  ago,  to  bring  foundry  men  together,  and  the  association,  to 
use  the  words  of  its  fifth  annual  report,  **came  to  life  in  a  period 
when  methods  began  to  change,  partly  through  the  exigencies  of  the 
hardest  times  this  country  has  ever  passed  through,  and  then  again 
by  reason  of  rapid  developments  to  be  credited  to  our  investigators. 
There  was  an  adequacy  of  foundry  practice  to  be  discussed  by  those 
who  were  anxious  to  keep  in  the  front  rank  as  producers  at  con- 
ventions, the  main  features  of  which  had  been  drifting  to  the  incidental 
entertainment.  Gradually,  however,  matters  of  daily  practice  were 
fairly  well  discussed,  and  the  achievements  of  the  *  industrial  engineqr,*" 
in  lines  other  than  ours,  beginning  to  be  felt  most  uncomfortably  by 
those  of  us  who  supply  the  enormous  tonnage  he  consumes,  attention 
was  perforce  turned  to  the  subject  of  rapid  production  of  castings  at 
selling  prices  far  below  anything  wc  have  ever  known." 

The  better  training  of  future  foundry  managers  has  received  the 
attention  of  the  American  Foundrymcn's  Association.  The  establish- 
ment of  a  department  for  foundry  theory  and  practice  has  been 
strongly  recommended  in  the  case  of  the  Carnegie  Technical  School. 
American  Universities  have  also  taken  an  interest  in  the  matter. 
"The  consensus  of  opinion  seems  to  be,"  to  quote  the  report  of  the 
association  named,  **that,  pending  special  equipment  for  the  purpose, 
instruction  should  be  given  in  foundry  practice  by  lectures  and  regular 
visits  to  the  more  advanced  foundries  of  the  respective  districts.  Sum- 
mer classes  .should  be  formed  for  the  students  who  wished  to  make  this 
their  life  work,  or  they  should  become  volunteers  in  order  to  learn 
what  they  can  of  the  practical  operations  of  foundry  procedure.  Once 
the  foundry  becomes  the  desirable  field  for  technical  students  it  should 
be,  and  the  institutions  for  learning  are  enabled  to  add  foundry  appa- 
ratus to  their  equipment,  plenty  of  i;se  will  be  found  for  it,  not  only 
for  teaching  the  various  branches  of  the  industry,  but  for  advanced 
investigation,  and  consequent  benefit  to  the  students.'* 

Tlie  Manufacture  of  5teel  Castings. 

This  branch  of  the  steel  industry  has  of  late  years  made  notable 
progress,  and  the  total  output  is  now  about  250,000  tons  a  )  car.     The 
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greater  part  of  this  output  is  ^ot  from  open-hearth  furnaces.  In  the 
year  1900,  177,491  tons  of  castings  were  produced  by  the  oi>en-hearth 
process,  134,847  tons  beinj^  acid,  and  42,644  tons  being  basic  steeK 
Of  the  total  stated,  Pennsylvania  alone  produced  78,584  tons  ;  the 
New  England  States,  New  York  and  New  Jersey,  21,883  tons;  and 
other  States,  including  Illinois  and  Ohio,  77,024  tons. 

The  use  of  steel  castings  is  extending  in  many  different  directions, 
and  it  is  very  clear  to  the  student  of  American  metallurgical  practice 
that  it  is  bound  to  increase  still  further;  for  rolls,  pieces  of  machinery, 
wheels  of  all  kinds,  and  numerous  other  uses  on  a  large  scale, 
formerly  provided  for  by  forgings,  chilled  iron  castings,  or  otherwise, 
steel  castings  are  coming  into  regular  employment.  I  went  over 
several  steel  foundries — among  others,  those  of  the  Midvale  Steel  Com- 
pany, at  Nicetown,  Philadelphia,  and  of  Messrs.  Mackintosh,  Hemphill 
&  Company,  at  Pittsburg,  and  was  struck  with  the  fact  that  almost 
every  concern  of  any  importance  in  the  country  now  seems  to  deem 
it  a  necessity  to  have  its  foundry  usually  equipped  with  at  least  one 
or  two  open-hearth  furnaces  ranging  from  8  tons  to  15  tons  capacity, 
and  otherwise  laid  out  much  jis  at  home.  In  numerous  cases, 
the  castings  are  finished  by  machine  tools  of  a  more  or  less  .specially 
American  type,  and  largely  electrically  driven,  each  with  its  own  motor. 

The  largest  individual  application  of  steel  castings  promised 
in  the  immediate  future  is  that  now  projected  by  Mr.  C.  T.  Schoen, 
Mr.  Frick,  and  others,  who  are  erecting  large  works  near  Pittsburg, 
for  the  purpose  of  casting  railway  wheels.  This  enterprise,  like  the 
Pressed  Steel  Car  Company,  is  conceived  and  is  being  constructed  on 
a  large  scale.  I  had  the  opportunity  at  Philadelphia  of  meeting  the 
engineer  who  is  responsible  for  the  design  of  the  special  machinery 
that  is  being  provided  for  the  new  industry.  He  gave  me  .some 
interesting  particulars  of  the  work  he  had  in  hand,  and  intimated  his 
belief  that  the  company  would  be  able  to  produce  cast-steel  wheels 
at  iS  dols.  a  set,  which,  in  his  opinion,  would  enable  them  to  displace 
the  chilled  wheels  now  so  largely  used  in  the  United  States,  and  sold, 
I  am  informed,  at  about  45  dols.  a  set.  The  casting  of  armour-plates 
has  also  been  talked  about,  although  no  actual  work  has  been  done 
in  this  direction.  1  may,  however,  point  out  that  this  is  not  an  American 
idea,  Mr.  John  Spencer,  of  the  Newburn  Steel  Works,  Newcastle,  having 
brought  out  a  patent  for  this  purpose  many  years  ago. 

The  first  soft  steel  castings,  such  as  are  used  for  gun  carriages, 
that  were  made  in  the  United  States,  and  which  were  subjected  to 
a  ballistic  test,  were  made  in  1SS6  and  1887,  by  the  Midvale  Steel 
Company,  who  were  the  pioneers  in  this  work.  Steel  castings,  how- 
ever, had  been  successfully  made  in  the  United  States  at  least  as  early 
as  1867.  In  July  of  that  year,  the  Win.  Ikitcher  Steel  Works,  now 
the  Midvale  Steel  Works,  cast  some  crossing  frogs  for  the  Philadelphia 
and  Reading  Railroad,  of  crucible  steel.  It  is  recorded  that  the 
moulds  were  made  of  ground  firebrick,  black-lead  crucible  pots  ground 
fine,  and  fire  clay,  and  washed  with  a  black-lead  wash. 

As  an  instance  of  how  far  large  fountlries  depend  uj)on  iron  and  steel 
works,  I  may  name  the  case  of  the  imj)()rtant  cast-iron  foundry  at' the 
Kdgar-Thomson    Works,  which  em[)lo\'s   315    men,   and    produces    an 
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average  of  150  tons  of  moulds,  etc.,  per  day,  as  well  as  25  to  30 
tons  of  stools  for  the  ingot  moulds,  and  50  tons  of  general  castings. 
The  whole  of  the  steel  castings  used  throughout  the  Carnegie  Works 
are  produced  here.  Brass  castings  are  produced  in  a  separate  shop, 
principally  for  tuyeres,  to  the  extent  of  about  two  tons  per  day. 
Direct  iron  from  the  blast  furnaces  is  used  in  the  foundry.  Rolls  are 
produced  here  from  charcoal  iron.  All  the  iron  used  in  the  foundry 
is  put  through  a  mixer. 

It  has  been  stated  that  to-day  large  steel  castings  that  arc  perfectly 
satisfactory  can  be  produced,  while  it  is  almost  impossible  to  get  good 
small  ones.  This  is  explained  by  the  fact  that  while  most  steel 
castings  are  made  by  the  open-hearth  process,  in  furnaces  that  usually 
melt  from  five  to  20  tons,  to  pour  even  five  tons  of  steel  into  castings 
averaging  100  lbs.  in  weight  would,  as  a  rule,  take  so  long  that 
those  poured  last  would  be  of  inferior  quality  on  account  of  the  cooling 
of  the  metal.  As  a  rule  a  large  portion  of  the  heat  is  poured  into 
a  comparatively  few  large  castings,  and  the  remainder  put  into  the 
smaller  ones. 

The  Camden  Iron  Works  and  American  Foundry  Practice. 

Having  settled  on  the  desirability  of  obtaining  some  information 
as  to  the  special  features  of  the  American  foundry  practice,  1  made 
up  my  mind,  when  in  Philadelphia,  to  ask  for  permission  to  go  over 
the  Camden  Works  of  my  old  friends,  Mr.  Walter  Wood  and  Mr. 
Stuart  Wood,  who  are  well  known  in  the  cast-iron  pipe  trade  of  the 
United  States. 

I  was  the  more  impelled  to  visit  these  works,  because  for  some 
three  years  they  had  secured  the  pipe  contracts  of  the  Glasgow 
Corporation,  and  I  was  assured  by  Mr.  Walter  Wood,  not  only  that 
those  contracts  had  not  been  taken  at  a  loss,  to  provide  for  the  needs 
of  the  **  law  of  surplus,"  but  that  the  firm  had  made,  on  the  whole, 
a  larger  profit  on  these  contracts  than  on  the  average  of  their  home 
orders.  '*  Indeed,"  added  Mr.  Wood,  *'  we  make  it  a  rule  to  sell 
nothing  without  a  profit." 

If  the  pig-iron  had  been  produced  on  the  spot,  the  success  of  this 
firm  in  securing  British  contracts  would  not  have  been  so  difficult 
to  understand,  but  1  was  informed  by  Mr.  Wood  that  the  foundry  pig- 
iron  used  at  the  Camden  Works  is  mainly  obtained  from  Birmingham, 
Ala.,  nearly  a  thousand  miles  distant,  and  has  to  be  conveyed  all 
the  way  by  rail,  while  the  pi|>es  have  to  be  transported  by  rail  from 
the  Camden  Works  to  the  river  Delaware,  lightered  several  miles, 
thence  transhipped  and  sent  across  the  ocean  to  Glasgow,  paying 
Clyde  harbour  dues  and  other  charges  as  well  as  the  cost  of  loading 
and    unloading. 

Again,  I  learned  that  at  the  Camden  Works  the  wages  paid  are 
above  rather  than  below  the  average,  the  moulders  being  paid  3  dols., 
and  ordinary  labourers  i  dol.  25  cjnts  pjr  day,  the  machine  labourers 
15  cents  jxrr  hour,  machinists  30  cents  per  hour,  and  other  work- 
men proportionate  rates.  When  1  coupled  these  wages  with  the 
irregular  and  by  no  means  well-arranged  style  of  the  works,  1  was 
nonplussed   at  the   result. 


242        ,  AMKRK'AN    INDUSTRIAL  CONDITIONS. 

■ 

There  are  two  things  that  appear  to  greatly  aid  the  Camden 
Pipe  Works  in  their  competition  with  Great  Britain.  One  of  these  is 
the  bonus  system  which  prevails;  the  other  is  the  practice  of  having, 
as  far  as  possible,  what  are  called  "big  runs"  on  particular  contracts 
or  classes  of  work.  In  fixing  the  bonus  the  custom  is  to  estimate 
the  time  that  will  be  required  to  do  a  particular  piece  of  work, 
and  to  say  to  the  workman  :  "If  you  can  do  this  work  in  eight 
days  instead  of  ten,  you  will  have  ten  daj-s'  pay."  The  usual 
week's  work  is  60  hours.  The  firm  do  not  employ  union  men, 
as  such,  and  have  no  trouble  with  the  union,  which  is  not  allowed 
in  any  way  to  fix  the  rate  of  wages.  Nevertheless,  I  was  informed 
that  there  has  never  been  any  strike  at  the  Camden  Works. 

It  struck  me  that  there  was  good  supervision  and  administra- 
tion in  all  the  departments  of  the  works.  In  the  machine  shop  there 
is  one  foreman  for  every  45  workmen.  In  the  foundries  there  i.s 
only  one  foreman  to  every  130  workmen.  The  total  number  of 
hands  in  the  foundries  and  machine  shops  is  775,  and  in  all  depart- 
ments 1,100  are  employed.  In  the  foundries  only  30  per  cent,  of 
the  total  hands  employed  are  skilled,  the  rest  being  labourers,  at 
I  dol.  25  cents,  or  5s.  2^d.  per  day.  In  the  pipe  shop  there  are 
many  Slavs  and  Poles,  and  in  the  yard  there  are  a  number  of 
negroes  who  handle  the  pig-iron,  etc.,  while  in  the  foundries  some  of 
the  skilled  workmen  are    English. 

There  are  here  other  regulations  affecting  labour  that  de.scr\'e 
to  be  noted.  In  the  week  of  my  visit  only  25  men  out  of  a 
total  of  1,100  had  been  absent  from  work  on  the  Monday  morning. 
No  fines  are  levied  for  absence  without  leave,  but  if  a  man  absents 
himself  more  than  once  or  twice,  or  is  under  the  influence  of 
liquor,  he   is  discharged.     No  smoking  is  allowed  in  the  works. 

The  manager  informed  me  that,  in  his  experience,  the  average 
American  workman  was  often  found  to  do  his  work  rapidly  at  the 
risk   of  efficiency,  German  workmen  being  the  most  painstaking. 

At  Camden,  as  at  most  of  the  other  works  visited,  I  found  that 
every  advantage  is  taken  of  possible  economies  in  supplying 
materials  and  otherwise.  In  the  making  of  cores,  ordinary  river 
clay  is  mixed  with  sharp  sand,  both  being  got  in  the  near 
neighbourhood  of  the  works.  The  firm  make  their  own  hay  rofjes, 
manufacture  a  large  part  of  the  tools  and  other  equipment  employed, 
and  als(j  produce  their  own  gas  from  gas  prcxlucers  of  their  own 
design.  The  pipe  fittings,  bends,  tees,  etc.,  are  all  produced  on  the 
spot  on  a  piece  work  basis.  Small  castings,  to  which  one  shop  is 
entirelv  devoted,  arc  <n'ven  out  at  so  much  the  hundred. 

The  Camden  Works  have  produced  pipes  up  to  72  inches 
diameter,  and  they  recently  produced  cxlinders  of  13  ft.  diameter 
as  castings.  In  the  green  sand  shop  the  patterns  are  smoothed  up 
with  i^jlumhago,  and  two  men  will  often  put  up  for  a  day's  work 
three  moulds,  to  be  used  for  the  bearings  for  pumping  engines.  Ore 
man  is  expected  to  put  up  in  a  day  the  moulds  for  the  side  plate 
for  a  purifier,  of  which  one-half  is  cored,  the  weight  of  the  casting 
being  about    1,100  lbs.,  and  going  deep  into  the    flask. 

Among  the  various  labour-saving   devices   seen    at  Camden   I  wa.s 
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most  struck  with  the  hydraulic  rammer,  which  is  a  spindle  with  an 
enlarged  end  that  fits  into  a  socket  and  is  rammed  into  the  flask. 
This  rammer  is  of  the  firm's  own  design,  and  does  its  work  both 
economically  and  efficiently,  under  a  pressure  of  300  lbs.  There 
are,  however,  numerous  cases  in  which  this  tool  cannot  be  used.  If 
the  end  of  the  pipe  is  in  any  way  exceptional,  or  if  it  is  not  of  full 
diameter  throughout,  hand  ramming  has  to  be  resorted  to.  In  one 
casting  pit  two  or  three  hydraulic  rammers  arc  emploNcd.  Among 
other  mechanical  details,  1  noted  that  pneumatic  hammers  are  used 
to  chip  the  castings. 

The  Camden  Works  do  a  considerable  business  in  the  production 
of  foundry  castings  of  different  kinds,  which  they  have  made  up  to 
33  tons,  but  hitherto  the  capacity  has  been  limited  by  the  power  of 
the  crane,  and  hence  at  the  time  of  my  visit  a  new  40-ton  electric 
crane  was  being  supplied,  as  well  as  a  new  machine  shop  of 
considerable  size.  Complete  flasks  are  used,  nothing  being  bedded 
in,  as  is  usual  in  some  cases.  For  heavy  pieces,  the  flasks  are  built 
up  with  brick  and  loam.  All  patterns  are  prepared  in  the  pattern 
shop,  and  on  green  or  dry  sand  castings  the  complete  pattern,  after 
having  been  made,  is  split  in  two  pieces — one  lower  and  the  other 
upper, — the  flask  then  being  opened  and  smoothed  up  with  plumbago. 
For  many  loam  castings  no  pattern  is  previously  prepared.  For 
cylindrical  pieces  a  "sweep"  is  used,  this  being  a  board  cut  to  conform 
with  the  shape  of  the  casting,  which  is  placed  on  a  cylindrical  sj)indle 
and  rotated,  while  brickwork  is  built  up  round  about  it. 

Having  given  a  general  idea  of  the  economic  situation  at 
Camden  Works,  I  am  still  puzzled  to  understand  how  they  can 
produce  pipes  in  competition  with  Glasgow  founders  at  that  cit\ . 
No  doubt  at  the  time  that  the  Glasgow  and  other  contracts  were 
taken  by  Messrs.  Wood,  the  prices  of  American  pig-iron  were  very 
low,  but  there  is  usually  a  difference  of  3^  to  4  dols.  in  the  price 
of  Birmingham,  Ala.,  and  Pittsburg  No.  1  foundry  iron  at  works, 
and  it  is  improbable  that  either  description  was  ever  delivered  at 
Camden  Works  for  less  than  40s.  per  ton,  while  we  have  seen  that 
wages  are  much  higher  at  Philadelphia,  bulk  has  to  be  broken  twice 
before  reaching  the  ocean,  which  is  practically  a  hundred  miles 
from  Camden,  and  ocean  freight  has  to  be  paid  on  a  bulky  and 
inconvenient  form  of  cargo.  On  the  whole,  I  am  disposed  to  doubt 
whether  this  competition  is  likely  to  be  repeated  on  a  scale  of 
any  importance,  and  it  certainly  ought  not  to  be  if  British  founders 
attend  to  their  business. 


I'  2 


CHAPTER    XV, 

The  Electrical  Development  of  the  United  5tates< 


The  Recent  Pros:res5  of  the  System. 

Prominent  among  the  influences  that  have  both  revolutionised  the 
economical  conditions  under  which  iron  and  steel  can  be  produced, 
and  have  created  an  extent  of  demand  for  those  materials  that  could 
hardly  have  been  believed  to  be  possible  only  a  few  years  ago,  must 
be  placed  the  great  industry  which  deals  with  the  generation  and 
application  of  electric  power.  When  I  visited  Pittsburg  in  1890,  I 
was  presented  with  a  very  interesting  work,  which  gave  a  historical 
account  of  the  development  of  the  principal  industries  of  that  city, 
in  which  electrical  plants  are  not  at  all  mentioned.  Even  at  a  some- 
what later  date  electrical  power  had  been  but  little  applied  to  industrial 
operations  and  to  machine  tools.  By  the  date  of  the  Chicago  Exhi- 
bition of  1893,  however,  all  this  had  been  more  or  less  changed.  At  that 
notable  and  never-to-be-forgotten  display  of  the  world's  manufactures 
and  achievements,  no  less  than  478  distinct  exhibits  were  contributed 
by  the  United  States,  18  by  Great  Britain,  45  by  Germany,  and  94  by 
France.  At  the  World's  Fair  the  operations  of  the  electrical  com- 
panies were  mainly  missionary  and  experimental ;  very  little  had  been 
done  to  demonstrate  the  great  inherent  merits  of  electricity  as  a 
source  c)f  industrial  ])ower.  The  Wcstinghouse  exhibits  at  Chicago 
were  chiefly  designed  to  iUustrate  how  electricity  could  be  carried 
over  long  distances,  and  transformed  as  desired  for  commercial  uses. 
All  the  large  Wcstinghouse  dynamos  of  that  day  were  of  the  two- 
phase  type,  and  the  (l)'namo  of  i,ooo-h.i).,  shown  by  Siemens  & 
Ilalske,  of  Berlin,  as  well  as  the  great  German  search  light,  with 
a  /A  ft.  projector,  were  accounted  among  the  most  wonderful  things 
at  the  l^xhibition.  The  rapid  advances  made  by  the  American  electrical 
firms  may  be  typified  by  the  progress  of  the  General  lillectric  Company 
of  that  day,  which  had  begun  operations  15  years  before  with  only 
five  employes,  and  in  1893  had  raised  that  number  to  about  l,ioo. 
Similar,  and  in  some  cases  even  more  remarkable,  progress  had  been 
achieved   by  the  Wcstinghouse  and   kindred  enterprises. 

Both  previously  and  (lirecth'  subsequent  to  the  Chicago  Exhibition, 
electricity  had  made  great  advances,  both  in  a  technical  and  in  a 
practical  direction.  The  stimulus  given  to  its  use  by  the  parade  of 
its  latent  powers  made  at  Chicago,  led  to  its  application  to  traction, 
haulage,  transmission  of  power,  heating,  welding,  and  many  other 
purposes,  on  an  extensive  scale.  Its  progress  for  railway  purposes 
was  rapid.  In  1887  there  were  only  50  miles  of  electric  railway  in 
the  L'nited  States;  in  1893  this  figure  had  increased  to  6,000  mile*?. 
Similarly,  the   .American  mileage  of  electric  tramways  had  incrca.*ied 
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from  less  than  5,000  to  over  12,000  miles  at  the  middle  of  1893,  ^"^ 
in  1892  alone  1,066  miles  of  electric  tramways  were  constructed,  and 
1,984  miles  were  converted* 

In  the  early  "  nineties  "  electricity  was  being  applied  on  a  rapidl}' 
increasing  scale  to  power  purposes.  The  Crcusot  Works,  with  character- 
istic enterprise,  after  applying  electric  power  to  a  45 -ton  crane  originally 
worked  on  the  flying  rope  .system,  installed  a  60-ton  electric  crane,  and 
in  1893  added  a  150-ton  crane  on  the  same  system.  Electric  power 
*  was  about  the  same  time  applied  to  drills  and  rock -breakers  by  the 
Thomson- Houston  Company,  of  Boston.  In  1890  I  had  the  pleasure 
of  arranging  with  Professor  Elihu  Thomson,  the  head  of  this  important 
enterprise,  to  furnish  a  paper  for  the  New  York  meeting  of  the  Iron  and 
Steel  Institute  on  the  progress  achieved  up  to  that  time  in  applying 
electric  power  to  the  welding  of  iron  and  steel,t  a  perusal  of  which 
will  show  that  this  system  had  come  up  so  early  as  1886,  that  it  had 
in  1890  come  to  be  largely  applied  to  join  sections  of  wire  into  one 
length,  and  that  the  behaviour  of  soft  iron,  and  of  the  milder  grades 
of  steel  had  been  found  particularly  favourable  to  the  welding  opera- 
tion. In  the  latter  part  of  1893,  a  i.ooo-h.p.  electric  motor  had  been 
built  to  test  the  feasibility  of  handling  freight  at  terminal  yards  in 
Chicago,^  and  electric  power  had  been  applied  to  elevators  and 
many  other  purposes.  Electric  tramway  cars  began  to  become  general 
in  the  years  1893-94,  and  an  electric  trolley  system  was  applied  to 
canal  boat  propulsion  in  the  winter  of  the  former  year.>^  But  up  to 
this  time  very  little  indeed  had  been  done  in  applying  electrical  plant 
to  industrial  purposes,  and  more  particularly  to  the  needs  of  the  steeL- 
plant  and  the  machine  shop. 

Among  the  electrical  applications  now  making  rapid  advances,  and 
promising  a  large  field  for  economy  in  the  future,  mining  operations 
claim  a  prominent  if  not  also  a  pre-eminent  place.  A  fruitful  combina- 
tion, with  this  end  in  view,  is  that  of  the  Baldwin  Locomotive  Works 
and  the  Westinghouse  Electric  Company.  When  I  was  at  the  works 
of  the  latter  firm,  in  Pittsburg,  I  was  handed  a  few  of  their  principal 
publications,  and  among  others  that  of  their  electric  locomotives  for 
mine  haulage.  I  find  here  recorded  several  examples  where  *'  the  cost 
of  haulage  has  decreased  from  10  cents  (5d.)  a  ton  with  mule  haulage, 
to  less  than  i  cent  (id.)  per  ton  with  electric  locomotives,"  and  where 
"the  saving  brought  about  by  electric  haulage  amounts  to  30  per  cent, 
upon  the  sum  invested  in  the  power  plant." 

Between  the  achievements  in  the  electrical  field  of  ten  \ears  r^^o 
and  those  of  to-day  what  a  vast  gulf  has  been  bridged  over.  The 
actual  work  now  on  hand  by  the  Westinghouse  Electrical  Company, 
of  Pittsburg,  embraces  such  ^otas  de  force  as  eight  5,000-kilovvatt 
W'estinghouse  11,000-volt  three-phase  revolving  field  alternating  current 
generators,  with  an  overload  capacity  up  to  7,500  kilowatts  each,  and 
twenty-six  1,500-kilowatt  Westinghouse  rotary  converters,  both  of  these 
being    the    largest   hitherto  constructed.      They  will   be   supplemented 

*  Ofxan  ft'ir  die  Fortschritte  des  Eiseiibahnwesens, 

t  **On  Welding  by  Electricity."    Journal  at  the  Iron  and  Steel  Institute,  II.,  1890. 

X  Electrical  Engineer  (New  York),  Oct..  1893. 

§  Elictncai  World  (New  York),  Nov.  i8th,  1893. 
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with  seventy-eight  550-kilovvatt  Westinghouse  air  blast  transformers, 
with  all  auxiliary  apparatus.  This  is  only  one  of  a  number  of 
similar  contracts  which  this  company  had  on  hand  at  the  time  of  my 
visit,  and  was  for  the  Manhattan  Railway  power-house.  Similar  con- 
tracts were  on  hand  for  the  Metropolitan  Street  Railway  (N.Y.),  for 
the  New  York  Kdison  Company,  for  the  United  Electric  Light  and 
Power  Company,  for  the  Manhattan  Hotel  (N.Y.),  for  the  Brooklyn 
Rapid  Transit  Company,  for  the  North  Jersey  Steel  Railway  Com- 
pany, and  others,  the  whole  aggregating,  at  quite  a  recent  date,  about- 
one  million  h.p.  of  VVcstinghouse  electrical  and  steam  apparatus  in 
New  York  City  and  its  vicinity  alone. 

All  this  is  named  because  of  two  characteristics  which  are  likely 
to  be  obvious  to  the  reader — the  first  the  colossal  dimensions  of  much 
of  the  electrical  equipment  now  employed,  and  the  consequently 
heavy  weight  of  iron  and  steel  called  for  ;  and  the  second,  because 
it  illustrates,  by  the  experience  of  only  one  firm  out  of  many,  the  vast 
amount  of  electrical  work  that  is  now  being  carried  out  all  up  and  down 
the  country,  for  railways',  tramways,  power  purposes,  electric  lighting, 
and  in  marry  other  ways. 

The  demands  of  the  future  are  likely  to  increase  at  least  as  rapidly 
as  those  of  the  past.  Take  the  case  of  power  transmission  plants  alone. 
In  the  United  States,  at  any  rate,  the  plant  at  San  Bernardino,  which 
began  in  1892,  using  10,000  volts  and  transmitting  30  miles,  may  be 
regarded  as  the  pioneer  of  its  kind*  A  good  deal  of  trouble  caused 
this  movement  to  advance  but  slowly  for  years  afterwards.  Since  then 
40,000  volts  have  been  used  to  transmit  power  for  35  miles  (in  Utah), 
where  the  line  reaches  an  extreme  height  of  10,000  ft.  above  sea 
level,  and  experts  have  declared  that  while  voltages  of  15.000  or  20,000 
can  be  used  without  insuperable  difficulty,  "  no  new  or  modified  system 
of  transmission  will  be  required  before  50,000  or  60,000  volts  can  be 
employed  for  distances  up  to  1  50  or  200  miles."t 


Electrical  Power  in  Iron,  Steel,  and  Ens:ineerin2:  Works. 

Of  the  recent  advances  that  have  been  conspicuous  in  iron,  steel, 
and  engineering  works,  I  need  say  but  little  here,  because  they  are  so 
all  but  universal  that  their  mere  enumeration  would  fill  a  catalogue. 
Examples  of  such  applications  will  be  found  scattered  throughout  these 
Reports.  Hricdy,  it  may  be  stated  here  that  there  is  hardly  a  process 
carried  out  in  iron  works,  steel  works,  or  kindred  establishments 
throughout  the  United  States,  to  which  electricity  is  not  applied  on  a 
greater  or  lesser  scale,  and  that  in  the  workshops  of  manufacturing 
engineers,  one  of  the  chief  problems  t)f  the  kiSt  few  years  has  been 
that  of  how  best  to  adapt  ever\'  form  and  application  of  mechanical 
power  to  electric  driving.  Mvery  student  of  industrial  economies  must 
be  struck  with  the  success  that  has  been  reached  in  both  directions. 

*  In  saying  lliis  the  Franks )rl-LauMcn  experimental  transmission  line  of  y3,000  \i)hs 
is  not  nverl(>oke«l,  hut   it   was  not  American. 

t  *•  IIij:[h-volla^e   I'ower  Transmission,"  \'ol.  XV.,  Pri>.  Am.  Insl.E.E 
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Recent  Advances. 

In  the  steel  rail  works  of  the  United  States  some  remarkable 
applications  of  electric  power  have  taken  place.  One  case  is  recorded 
^'here  electric  plant  was  contrived  so  as  to  pass  in  the  steel  blooms  or 
ingots  at  one  end  of  a  set  of  rail  mills,  and  to  bring  them  out  at  the 
other  end  as  finished  rails,  whereby,  it  is  said,  the  number  of  hands 
employed  was  reduced  by  one-third,  concurrently  with  an  increase  of 
nearly  40  per  cent,  in  the  output. 

The  general  features  of  the  applications  of  electricity  to  engineer- 
ing plant  in  the  United  States  do  not  differ  from  our  own,  and 
consist  in  the  attachment  of  the  motor  to  each  individual  tool,  so 
as  to  revolve  the  main  shaft  by  gearing  ;  the  building  of  the  arma- 
ture of  the  motor  on  the  main  shaft  and  concentric  with  it,  so  as  to 
revolve  it  without  gearing  ;  its  substitution  for  main  or  section  driving 
belts.  All  this  permits  of  the  grouping  of  the  entire  steam  plant 
under  one  roof 

In  a  number  of  the  machine  tool  shops  of  the  United  States,  it  is 
the  practice  to  bring  the  smaller  tools  to  the  casting  to  be  operated 
on,  instead  of  conveying  the  casting  to  the  tools.  This  is  much  more 
easily  done  in  the  case  of  such  machines  as  have  motors  fixed  in  the 
tool  frame.  It  is  not  a  uniqi!le  thing  to  see  as  many  as  four  drilling 
or  milling  machines  grouped  around  a  large  casting  at  the  same  time, 
each  working  independently.  The  same  thing  is  done  with  emery 
wheels,  when  driven  by  small  self-contained  motors,  which  are  set  to 
work  on  castings  or  other  structures  while  other  tools  are  being 
operated. 

Some  engineers  have  recommended  that  small  tools  should  be 
grouped  and  run  by  belting  from  one  overhead  motor  rather  than  have 
a  direct-acting  motor  attached  to  each  of  them.  Several  of  the  largest 
.American  firms  have  meanwhile  for  years  past  been  applying  their 
engines  to  the  perfecting  of  direct-connected  motors  for  machines  of 
every  kind,  and  new  departures  in  this  direction  are  daily  coming 
forward. 

The  Works  of  the  Westins:house  Electrical  Manufacturing  Company  at 

Pittsburs:. 

When  at  Pittsburg,  I  took  advantage  of  the  opportunity,  kindly 
offered  me  by  the  British  VVestinghouse  Company,  before  1  left  home 
to  go  over  the  works  of  the  Westinghousc  Company,  at  East  Pittsburg. 
There  I  was  introduced  to  Mr.  McFarland,  the  vice-president,  Mr. 
L.  A.  Osborne,  the  works  manager,  and  Mr.  Loud,  the  manager 
of  the  works  at  Trafford  Park,  Manchester,  from  whom  I  ascertained 
most  of  the  particulars  I  have  here  noted,  in  the  course  of  a  too  short 
examination  of  these  remarkable  works. 

The  Westinghouse  Electrical  Works,  at  East  Pittsburg,  employ 
about  6,000  men  and  women,  the  latter  being  mainly  employed  in 
such  light  work  as  splitting  mica  and  welding  coils.  The  company 
have  other  three  factories  in  the  United  States — one  in  Cleveland  O. 
which  employs  about  600  hands,  another  at  Newark,  N.J.,  and 
a    third — which    is    mainly    an    incandescent  lamp  factory — in     New 
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York.     The  main  business  of  the  Pittsburg  works  is  to  build  generators 
of  all  sizes,  from  one  to  5,000  kilowatts. 

In  the  electrical  field,  perhaps  no  American  concern  quite  holds 
the  same  prominent  place  as  the  Westinghouse  Company,  which 
recently  increased  its  capitalisation  from  15  to  25  million  dols.  (three 
to  five  millions  sterling),  and  the  sales  of  which,  in  1901,  were  nearly 
a  million  sterling  in  excess  of  those  of  the  previous  year. 

One  of  the  largest  contracts  ever  placed  in  the  electrical  world 
was  being  executed  by  the  Westinghouse  Company  at  the  time  I 
went  over  their  works.  This  was  the  contract  from  the  Manhattan 
Elevated  Railroad,  already  named,  for  eight  generators  of  io,ooo-h.p, 
each,  and  of  an  aggregate  value  of  a  million  sterling. 

The  buildings  that  form  the  establishment  of  the  Westinghouse 
Company  at  East  Pittsburg  are  almost  unique  of  their  kind,  and  have 
only  been  built  a  few  years,  the  original  factory  having  been  located 
in  Pittsburg.  There  are  here  4,000  machine  tools  of  all  kinds,  and 
many  hundred  motors.  Power  is  conveyed  to  the  motors  by  over- 
head wires,  and  the  motors  are  generally  placed  above  the  floor  level, 
so  as  not  to  take  up  more  floor  space  than  is  absolutely  required.  In 
a  number  of  cases  the  motors  are  attached  to  the  machines.  Among 
the  work  which  the  company  had  on  hand  at  the  time  of  my  visits 
the  most  notable  was  the  5,000-kilowatt  machines  for  the  Manhattan 
Elevated  Railroad  in  New  York,  which  are  so  enormous  that  the  com- 
pany had  to  build  an  entirely  new  shop,  70  ft.  in  height,  and  provide 
an  entirely  new  equipment  of  tools,  in  order  to  handle  them.  This  fact 
shows  how  ready  American  firms  are  to  adapt  themselves  to  the 
requirements  of  their  customers,  at  whatever  cost.  The  steel  castings 
for  this  immense  piece  of  work  were,  somewhat  strangely  as  one  may 
think,  not  provided  by  a  Pittsburg  firm,  which  is  the  most  likely 
thing  to  have  happened,  but  by  Messrs.  B.  Atha  &  Co.,  of  New  Jersey^ 
and  were  brought  nearly  500  miles  by  rail  to  the  Westinghouse  factory. 
I  wish  I  could  give  the  details  of  these  great  generators,  but  space  will 
not  permit. 

The  shops  of  the  company  arc  fitted  up  with  every  known  con- 
trivance for  the  economy  of  time  and  labour,  as  might  be  expected, 
including  large  tubes,  similar  to  the  post  office  system,  whereby  letters 
are  conveyed  from  one  department  to  another.  Numerous  electric 
cranes,  up  to  50  tons,  are  found  in  evcr\'  aisle.  The  equipment,  as  a 
whole,  is  perhaps  not  excelled  in  the  whole  of  the  United  States,  and 
certainly  not  within  my  knowledge. 

During  the  last  three  years  the  works  of  the  Westinghouse  Company 
at  Pittsburg  have  been  practically  doubled  in  size.  Some  60  |>er 
cent,  of  the  work  produced  is  supplied  for  power  purposes.  I  asked 
Mr.  McFarland  whether  the  experience  of  his  company  favoured  the 
idea  that  the  electric  railway  would  come  into  use  for  freight  traffic? 
In  the  States  inter-urban  roads  often  practically  parallel  street  rail- 
roads. The  growth  of  passenger  traffic  by  electric  roads  has  recently 
been  phenomenal.  Such  roads  are  generally  maintained  in  a  condition 
of  considerable  efficiency,  and  trains  are  run  at  a  high  rate  of  speed. 
I  may  special  1\'  name  the  electric  roads  from  Pittsburg  to  East  Pitts- 
burg and  to  McKeesport.     The  use  of   electric  lines  for  considerable 
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distances  is  astounding,  and  the  Westinghousc  Company  have  built  a 
line  75  miles  long  at  Detroit,  and  a  35-mile  line  from  Seattle  to 
Tacoma,  while  other  similar  lines  are  projected  or  in  progress.  Never- 
theless, I  learned  that  in  the  opinion  of  Mr.  Wcstinghouse  himself 
the  displacement  of  steam  by  electric  lines,  if  it  ever  comes  about  on 
a  large  scale,  must  be  of  slow  growth,  and  it  is  not  likely,  at  present, 
at  least,  to  apply  at  all  to  the  main  trunk  lines. 

Some  Feature^  of  Electrical  Equipments. 

I  learned  from  Mr.  McFarland  that  the  Wcstinghouse  Company  are 
doing  a  large  business  in  fitting  up  the  newest  iron  and  steel  works  in 
the  United  States  with  alternating  current  equipment,  including  the 
works  of  Spang,  Chalfant  &  Company  at  Pittsburg,  of  the  Dominion 
Iron  and  Steel  Company  at  Sydney,  Cape  Breton,  of  the  Crucible 
Steel  Company  at  Pittsburg,  and  of  the  Colonial  Steel  Company  at 
Monessen,  near  Pittsburg.  The  alternating  current  has  made  more 
rapid  progress  than  its  rival  system  within  recent  years,  but  it  was 
not  until  1H94,  when  a  satisfactory  induction  motor  could  be  relied  on, 
that  it  made  real  headway.  Indeed,  it  is  only  a  few  years  ago  that 
it  was  considered  very  dangerous,  and  Mr.  McFarland  informed  nie 
that  attempts  were  made  through  the  Legislature  to  prohibit  its  use. 

The  tendency  in  American  steel  works  practice  is  to  employ 
electric  motors  for  every  purpose  to  which  they  can  be  applied  ;  thus, 
at  the  new  pipe  and  tube  mills  of  Spang,  Chalfant  &  Company,  they 
are  being  applied  to  practically  every  purpose — hoists,  cranes,  charging 
machines,  machine  tools,  etc.  At  the  Edgar-Thomson  and  other  works, 
practically  everything  is  done  by  electricity  except  the  handling  of  the 
ladles,  which  are  operated  by  hydraulic  power  or  otherwise. 

The  visitor  to  the  newest  iron  and  steel  plants  of  the  United  States 
cannot  but  be  struck  with  the  remarkable  progress  that  is  being  made 
in  the  application  of  electricity  to  all  ordinary  mechanical  work,  lo 
transport,  to  mining,  and  to  other  purjxjses.  No  enterprise  appears 
to  be  regarded  as  well  to  the  front  unless  electric  power  is  applied 
on  as  large  a  scale  as  possible.  It  is  more  especially  universally  applied 
to  cranes,  machine  tools,  and  other  power  demands.  Hence  the  fact 
that  the  works  of  the  leading  electrical  companies  have  been  largely 
increased  in  size  and  capacity,  while  50  per  cent,  to  60  per  cent,  of 
the  work  of  the  leading  firms  is  for  power  purposes.  F'or  trans- 
portation purposes  electricity  has  not  hitherto  made  so  much  headway 
in  industrial  works,  but  this  seems  to  be  regarded  as  an  advance 
which  will  certainly  happen   in  the  future. 
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CHAPTER   XVI. 

American  Shipbuilding. 

Thk  maintenance  of  the  shipbuilding  supremacy  of  Great  Britain 
is  so  essential  to  our  iron  industry,  to  which  it  is  now  the  greatest 
individual  contributor,  that  I  deemed  it  my  duty  to  make  some 
inquiry  into  the  actual  circumstances  and  prospects  of  the  shipbuilding 
industry  of  the  United  States,  which  is  believed  in  some  quarters 
to  be  on  the  eve  of  a  notable  and  aggressive  advance. 

The  official  figures  for  the  year  1900  show  that  the  total  tonnage 
of  merchant  vessels  built  in  the  United  States  was  365,791  tons,  of 
which  129,973  tons  were  built  on  the  Great  Lakes,  and  10,006  tons 
on  the  western  rivers,  leaving  225,812  tons  for  the  seaboard,  and  of 
this  latter  figure  177,721  tons  were  built  at  Atlantic  and  Gulf  ports. 
The  total  seaboard  tonnage  constructed  in  1900  was  a  little  over 
one-eighth  of  that  built  in  the  United  Kingdom  in  the  same  year. 

While  the  United  States  are  thus  far  behind  the  United 
Kingdom  in  point  of  actual  shipbuilding  output,  the  progress  of 
American  enterprise  and  production  in  this  direction  has  of  late 
been  very  remarkable,  a  number  of  large  yards  having  been  erected, 
with  the  most  modern  plant  and  appliances,  at  the  principal  ports. 
Indeed,  the  shipbuilding  industry  of  the  United  States,  exclusive 
of  the  United  States  navy  yards,  according  to  a  preliminary  reix)rt 
of  the  Census  Hureau,  had  a  total  invested  caj)ital  of  76,699,651 
dols.  in  1900,  which  is  an  increase  of  181  per  cent,  since  1890. 
The  value  of  the  products,  including  custom  work  and  repairing, 
was  73444.753  dols.,  an  increase  of  almost  93  per  cent.  There  were 
1983  establishments  and  46,121  wage  earners,  with  total  wages  of 
24,388,109  dols.  ;  miscellaneous  expenses,  3,582,257  dels.;  and  the 
cost  of  the  materials  used  was  33,031,280  dols. 

In  1900,  the  shipyards  on  the  Delaware  River  turned  out  'JJ 
finished  vessels,  comprising  1  battleship,  i  cruiser,  i  torpedo-boat, 
12  steamships,  5  steamboats,  18  tow-boats,  i  fire-boat,  2  schooners, 
2"^  barges,  2  steam  barges,  2  steam  yachts,  1  naphtha  barge.  I  gun 
barge,  and  2  other  small  motor  vessels  not  classified,  the  value  of 
which7exceeds  15,000,000  dols.  (^3,000,000:.  In  the  early  part  of  1901, 
the  New  York  Shipbuilding  Compatiy  alone  had  under  contract  eight 
vessels  of  124,900  tons  displacement. 

New  York  Shipbuilding  Company's  Works. 

Nothing  that  1  saw  in  the  ccnirse  of  my  visits  imj)ressed  me 
more  than  the  new  shipbuilding  works  on  the  Delaware,  built  by  the 
New  York  Shipbuilding  ('oni|)an\',  of  which  Mr.  II.  G.  Morse  is 
president  and  Mr.  H.  C\  Frick,  formerly  president  of  the  Carnegie  Steel 
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Company,  is  a  leading  shareholder.  Probably  it  is  not  too  much 
to  say  that  this  estabh'shment  is  in  all  respects  the  most  modern 
and  the  most  remarkable  in  the  world,  alike  in  respect  of  its  vast 
size,  its  resources  for  economical  production,  its  magnificent  array  of 
labour-saving  appliances,  its  almost  overpowering  appearance  of 
having  been  laid  out  without  regard  to  cost,  its  admirably  convenient 
location,  and  its  evidence  of  high  organising  capacity.  The  company 
was  founded  in  1899  with  a  capital  of  ;^  1,200,000,  and  at  a  later 
date  it  was  determined  to  increase  the  capacity  of  the  original  plant 
about   50  per  cent 

The  New  York  Shipbuilding  Company's  yard  on  the  New  Jersey 
shore  of  the  Delaware  River,  opposite  Philadelphia,  has  a  frontage  on 
that  river  of  3,600  ft,  and  a  width  of  about.  1,800  ft.,  with  a  depth  of 
water  at  low  tide  of  38  to  40  ft,  the  area  of  land  occupied  being 
130  acres.  The  floor  space  of  main  shops  is  18  acres,  and  there  are 
four  acres  of  skylight  and  two  acres  of  window  surface.  There  are 
six  launching  ways,  each  of  which  can  accommodate  a  ship  of  650  ft. 
long,  and  can  be  extended  to  1,000  ft.  There  is  a  pier  72  ft.  wide  and 
1,200  ft.  long,  in  30  ft  of  water,  an  outfitting  bulkhead  1,000  ft.  long, 
and  a  timber  wharf  500  ft.  long.  Power  is  furnished  by  electric, 
compressed  air  and  hydraulic  plants,  the  power-house  being  175  ft 
by  no  ft.  The  boilers  are  of  2,503-h.p.,  the  main  engines  for  the 
electric  generators  750-h.p.  each,  and  alternating  current  motors 
operate  the  larger  machine  tools,  while  42  cranes,  ranging  from  seven 
to  100  tons  capacity,  are  operated  by  direct-current  motors.  In  the 
main  power-house  is  an  Ingersoll-Sergeant  air-compressor,  capable  of 
delivering  5,000  cubic  ft.  of  air  per  minute.  The  air  pressure  carries 
1 10  lbs.  per  square  inch,  and  is  distributed  by  mains  reaching  every 
part  of  the  plant.  About  300  portable  riveters,  caulkers,  drills,  etc., 
are  in  use.  A  high-pressure  hydraulic  system  is  furnished  by  twf) 
Barr  pumps  with  a  capacity  of  400  gallons  per  minute.  Two 
accumulators,  one  in  the  power-house,  the  other  in  the  centre  of  the 
plant,  are  connected  with  the  necessary  pipes  for  the  general  dis- 
tribution of  this  power,  which  is  used  chiefly  for  riveting.  'i'he 
pressure  carried  is  1,300  lbs.    per  square   inch. 

It  is  regarded  as  probable  that  from  4,000   to    5,000  men   will   be 
regularly  employed,  nearly  all  of  them   being  skilled  workmen. 

It  would    almost   seem    to  a    layman   fwhich    is   all    I    can    claim 

to  be  in  shipbuilding   affairs,  although   1    have   for  abcnit  thirty  years 

been   in  the  habit  of  visiting  shipbuilding  yards,  and  have  .seen  over 

those   of  greatest   note    in    this  and  other  countries)  as  if  then?  were 

but  little  possible  in  the  way  of  economy    that    is   not    provided    f(jr 

in   this  plant     While  in   Philadelphia,  in    Pittsburg,  and  in  New  York, 

1  was  advised  again  and  again  to  see  it,  as  being  the  greatest  achievcr- 

ment  of  American  brains  in  its  own  special  category.    My  advisers  do 

not    seem    to   me   to   have    rated    the   achievement   too   highly.      The 

establishment,  to  begin   with,  has  a    location    etjually    convenient    for 

receiving  cheap   supplies   of  raw   material,  for  the  connnanrl  of  <  Immj; 

labour — which  on  the  New  Jersey   side  of  the   Oclaware  is    c  on  .id'-r- 

ably    less   than    on    the   opposite   shore — for    access    to    th'*     .c;!,  and 

securing   up-to-date    plant    and     appliances   of   every    kind,    willi    the 
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most  highly-skilled  labour  available  in  the  foremost  industrial  State 
of  the  country — that  of  Pennsylvania.  The  shops  are  laid  out  in 
such  a  manner  that  there  is  no  unnecessary  handling  of  material 
and  no  retrograde  movement  in  its  treatment  and  application^ 
Everything  is  on  a  colossal  scale.  The  available  space  for  every 
operation  carried  on,  or  likely  to  be  called  for,  is  more  than  ample. 
Many  of  the  machines  are  entirely  new  and  special  in  design. 
Furnaces  are  built  to  take  6o-ft.  angles  in  the  angle  shop.  More 
than  I  GO  tons  of  plates  per  day  can  be  punched  and  sheared  in  the 
plate  shop.  Hydraulic  power  is  used  almost  entirely  for  punching^ 
and  pneumatic  tools  for  caulking,  riveting,  and  chipping.  Shears  are 
provided  to  shear  a  6-ft.  plate  of  an  inch  thick.  Roller  bearings, 
are  applied  to  some  of  the  principal  machines.  With  one  machine^ 
of  unique  design,  one  man  can  do  600  holes  per  hour.  One  lOO-ton 
crane  over  the  slips — which  are  built  under  cover — runs  at  a  height 
of  1 10  ft.  from  the  ground,  and  has  a  span  of  121  ft.  6  in.  The  build-^ 
ing  slips  are  600  ft.  long  and  120  ft.  wide.  The  planing  machinery 
includes  an  interesting  openside  planer,  which  can  do  work  almost 
up  to  any  length,  and  deals  with  plates  8  ft.  square. 

As  a  rule  the  plates  are  received  at  the  yard  cut  to  shape,  but 
the  edges  are  planed  here.  Angles  are  ordered  with  about  3  in. 
margin  on  the  length  actually  required,  the  difference  being  sheared 
in  the  vard.  Castings  and  forgings  are  received  in  the  rough  and 
finished  here.  The  timber  is  usually  received  by  rafts  in  large  balks^ 
and  is  stored,  dressed,  and  shaped  on  the  ground. 

In  Pittsburg  I  had  the  advantage  of  hearing  from  Mr.  McFarland,. 
of  the  VVestinghouse  Company,  a  recognised  authority  on  shipping  and 
shipbuilding  affairs,  his  high  appreciation  of  the  character  of  the  New 
\'()rk  Shipbuilding  Company's  yard  and  works.  The  whole  plant  is 
highly  concentrated  in  its  arrangements.  It  is  so  arranged  that  the 
materials  all  go  forward  in  their  passage,  from  the  raw  coal  or  other 
material  to  the  finished  ship.  The  100-ton  crane,  said  Mr.  McFarland^ 
is  especially  fine,  and  is  adapted  to  lifting  the  engines  and  placing 
them  direct  on  the  bed-plate  in  the  hold  of  the  ship,  which  has  in 
some  cases  been  done. 

Lake  Shipbuilding. 

When  at  Cleveland,  ().,  I  called  on  Mr.  James  Wallace,  manager  of 
the  American  Shipbuilding  Company,  which  has  here  its  head-quarters,, 
and  is  the  largest  shij)building  concern  on  the  (ireat  Lakes,  if  not  in 
the  United  States.  I  was  informed  that  this  company  is  a  consolidation 
of  seven  different  enterprises,  carried  on  at  West  Superior,  Detroit, 
West  Hay  Cit\',  Lorain,  Cleveland,  Buffalo,  and  Milwaukee.  It  employs 
9,000  hands,  and  pa)s  90,000  dols.  per  week  in  wages,  so  that  its 
business   is  considerable. 

The  American  Shipbuilding  Company  is  mostly  engaged  in  vessels 
for  the  lake  trade.  This  is  a  branch  of  the  shii)building  industiy  that 
has  greatl\'  extended  within  recent  \'ears.  During  the  f\\'C  years  ended 
1S94  the  total  tonnage  built  on  the  (ireat  Lakes  was  only  213,000 
tons,  which  in  the  i\vc  years  ended  1900  had  advanced  to  470,000  tons. 
About   117,000   tons   has   been    built  in  a  single  year. 
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Mr.  Wallace  does  not  believe  that  American  shipbuilders  are  in 
any  respects  behind  those  of  England.  On  the  contrary,  he  informed 
me  that  he  had  been  over  several  British  yards,  and  he  declares  that 
our  work  is  not  got  out  so  quickly  as  it  should  be.  He  particularly 
referred  to  what  he  described  as  the  waste  of  labour  involved  in  our 
making  use  of  hydraulic  instead  of  pneumatic  riveting.  They  found 
on  the  Lakes  that  pneumatic  riveting  did  the  work  quite  as  well  in 
about  one-third  of  the  time ;  and  he  added  that  his  firm  were  now 
riveting  about  seven-eighths  of  the  entire  vessels  by  the  pneumatic 
system,  which  he  challenged  any  British  firm  to  equal. 

The  American  Shipbuilding  Company  were  building  two  vessels, 
each  450  ft.  long,  by  18  ft.  wide,  and  35  ft.  deep,  to  carry  7,000  gross 
tons  on  the  lakes — the  Northland  and  the  Noriliman.  Mr.  Wallace 
had  no  doubt  that  on  the  Great  Lakes  they  could  build  ships  quite  as 
cheaply — if  not  more  so — as  in  Britain,  but  they  could  not  ship  them 
conveniently,  because  of  the  restrictions  on  size  imposed  by  the  depth 
and  width  of  the  Welland  Canal,  which  they  would  have  to  get  through 
on  their  way  from  the  Great  Lakes  to  the  St.  Lawrence,  and  thence 
to  the  Atlantic.  This  canal  can  only  take  a  vessel  of  14  ft.  draft  and 
43  ft.  beam.  The  canal  could  not  take  a  vessel  more  than  260  ft. 
long,  but  a  larger  boat  could  be  handled  by  taking  it  to  pieces  at  one 
end  of  the  canal  and  reconstructing  it  at  the  other,  and  as  a  matter 
of  fact  this  had  been  done  with  some  boats  built  at  Chicago. 

A  recent  Report  issued  by  the  Secretary  of  the  Treasury,  remarks 
of  the  year  1900  that:  "  The  new  factor  in  lake  shipbuilding — and  one 
of  great  promise  it  is,  too — is  found  in  the  commencement,  on  an 
extensive  scale,  of  the  construction  of  vessels  for  salt-water  service. 
Of  the  61  new  vessels  in  lake  yards,  10 — all  cargo  carriers  and  of  steel 
construction — are  designed  for  ocean  service.  Eight  of  these  vessels 
built  for  the  Atlantic  trade,  or  for  either  the  ocean  or  lake  service, 
as  circumstances  and  rates  may  warrant,  are  of  the  maximum 
dimensions  to  permit  their  passage  through  the  St.  LawTence  canals — 
that  is,  vessels  of  about  3,000  tons  capacitv  each  Two  of  the  vessels, 
for  deep-water  service  arc  larger — will  have,  indeed,  a  cargo  capacity 
close  to  7,000  tons  each.  These  vessels  will  have  to  be  taken  to  the 
seaboard  in  sections,  and  will  probabh'  be  rc-crected  at  some  point 
on  the  Lower  St.  Lawrence."      So,  itnitatis  itiiiiandis^  in    1901. 

Comparison  of  Shipbuilding  Contracts. 

As  to  differences  of  cost  in  shipbuilding  under  the  present  con- 
ditions, I  cannot  do  better  than  quote  the  case  of  recent  contracts  for 
tw^o  ships  made  by  the  Atlantic  Transport  Line,  with  Harland  &  Wolff, 
of  Belfast,  of  exactly  the  same  size,  dimensions,  and  all  particulars, 
as  two  ships  contracted  for  with  the  New  York  Shipbuilding  Company, 
of  Camden,  all  in  1900.  The  cost  of  the  English-built  ship,  as  near 
as  possible,  is  stated  by  the  president  of  the  Atlantic  Transport 
Company  to  have  been  about  ;^292,ooo  r  1,419,120  dols.).  The  same 
description  of  ship  built  at  the  works  of  the  Xew^  York  Shipbuilding 
Company  cost  a  little  over  il^3 80,000  (1,846,800  dols.;.  In  addition  to 
this,    the     same   company    had    two    steamers    with    the    Xew^     York 
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Shipbuildin^i^  Company,  of  smaller  dimensions,  under  contract  at 
;^ 1 50,000  each  (729,000  dels.);  also  two  ships  of  exactly  the  same 
dimensions  with  the  Maryland  Steel  Company,  Sparrow's  Point,  for 
;^i 50,000  each  (729,000  dols.)  ;  while  two  ships  of  identically  the  same 
detail,  delivered  in  the  previous  twelve  months,  built  by  Harland  & 
Wolff,  Belfast,  cost  ;^iio,ooo  (534,000  dols.)  and  i^ioo,ooo  (486,000 
dols.).  So  far  as  these  details  supply  a  criterion  of  difference  in  cost, 
it  would  seem  that  the  American  prices  are  30  per  cent,  to  36  per  cent, 
above  the  English  prices,  although  the  American  companies  in 
question  are  probably  about  the  best  situated  for  work  of  the  kind  of 
any  on  the  seaboard  of  the  United  States. 

Nationality  of  Vessels  Carrying:  American  Trade. 

Forty  years  ago  the  total  value  of  the  imports  into  the  United 
States  amounted  to  338,768,130  dols.,  and  of  this  216,123,428  dols. 
worth  was  carried  in  American  vessels,  and  122,644,702  dols.  in 
foreign  vessels,  so  that  6yS  per  cent,  of  the  whole  of  the  imports  into 
the  United  States  were  brought  in  under  the  American  flag.  Since 
that  year  the  percentage  of  imports  carried  in  American  ships 
has  almost  continuously  declined.  In  1900  the  total  imports  were 
805,528,675  dols.,  but  only  I2"9  per  cent,  in  value  were  carried  in 
American  vessels.  In  the  year  1859  the  total  exports  from  the  United 
States  amounted  to  356,789,462  dols.,  and  of  this  amount  70  per  cent, 
was  carried  in  American  vessels  and  the  remainder  in  foreign  vessels. 
Since  then  the  value  of  exports  from  the  country  in  American  ships 
has  declined  rapidly,  until,  in  1900,  the  total  exports  were  worth 
1.283,999,941  dols.,  and  of  this  only  71  per  cent,  was  carried  in 
American  vessels,  the  figures  for  the  years  1898  and  1899  having 
been  only  59  per  cent,  and  69  per  cent,  of  the  total  value  of  the 
exports  so  carried. 
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Standard  Specifications,  Sections,  and  Tests. 


Ori^n  and  Economy  of  Movement  for  Standards. 

AM()N(i  the  influences  that  have  within  recent  years  tended  to 
brin}^  about  a  notable  economy  in  the  costs  of  producing,  handh'ng, 
and  applying  iron  and  steel  in  the  United  States,  the  system  of 
standardisation  holds  a  conspicuous  place.  This  has  been  a  much 
easier  matter  to  effectuate  in  the  United  States  than  it  has  hitherto 
been  in  Great  Britain  ;  first,  because  the  American  manufacturer  is 
not  so  conservative  in  his  methods  and  ideas,  so  isolated  in  his  action, 
and  so  subservient  to  the  caprice  of  inspecting  engineers  ;  and  next, 
because  the  recognised  policy  of  the  United  States  is,  and  has  for 
many  years  been,  to  adopt  all  systems  and  suggestions  that  make  for 
increased  economy,  whatever  trouble,  cost,  or  interference  with  pre- 
conceived ideas  and  vested  interests  such  changes  may  involve. 

It  is  not  many  years  since,  in  the  United  States,  there  were  almost 
as  many  sections  for  iron  and  steel  as  in  our  own  country,  more 
especially  in  structural  shapes.  According  to  information  compiled 
by  Mr.  H.  J.  Skelton,  there  were  in  1900  only  32  channel  and  angle 
sections  in  general  use  there,  against  122  in  the  United  Kingdom,  and 
34  in  Germany.  Of  late  years,  a  great  deal  of  thought  and  action  has- 
been  dev'oted  to  the  pruning  of  the  section  book,  and  the  standardisa- 
tion of  such  forms  as  were  deemed  most  suitable  and  convenient  for 
various  requirements. 

In  the  movement  which  has  resulted  in  reducing  the  number  of 
sections  used  in  American  structural  steel  practice,  the  Carnegie  Com- 
pany has  taken  a  prominent  part.  From  Mr.  Hoffman,  the  Philadelphia 
agent  of  that  company,  I  obtained  a  short  history  of  the  movement, 
which,  he  says,  began  about  1881,  when  the  company  began  to  roll 
steel  sections  instead  of  the  older  iron  sections,  which  were  found  to  be 
wasteful  in  both  material  and  methods.  The  company  issued  blue 
prints  of  their  steel  .section.s,  showing  a  notable  economy  both  of 
material  and  of  labour,  to  architects,  shipbuilders,  and  others  interested. 
An  interchange  of  views  and  requirements  followed.  Standard  sections 
of  beams,  channels,  and  girders  resulted,  but  for  a  time  the  number 
of  sections  was  increased  rather  than  reduced,  owing  to  the  dcinand 
for  larger  dimensions. 

The  next  step  in  the   movement    resulted    from  the  action  of  the 
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Government  of  the  United  States  in  virtually  building  a  new  navy. 
This  led  to  a  demand  for  a  considerable  number  of  sections  of  angles, 
deck  beams,  bulbs,  etc.,  not  previously  manufactured  in  the  country. 
It  necessarily  took  some  time  to  find  out  what  sections  were  best 
suited  to  the  requirements  of  the  new  naval  programme.  As  experience 
was  accumulated  on  the  matter,  the  rnanufacturers  gradually  got  the 
older  and  less  useful  sections  eliminated.  This,  however,  was  not 
consummated  to  any  material  degree  until  within  the  last  five  or  six 
years.  * 

Standard  Sections. 

As  the  case  now  stands,  the  Carnegie  Company,  which,  in  this 
matter,  is  recognised  as  acting  for  the  steel  trade  generally,  stands 
for  simplification  of  sections  as  far  as  possible,  and  for  the  avoidance, 
to  the  utmost  extent,  of  intermediate  sections,  which  can  usually  be  dis- 
pensed with.  Buyers  are  urged  to  assist  as  far  as  possible  in  cutting 
weights  and  sections  down  to  something  like  a  uniform  basis.  If 
sections  are  called  for  outside  of  the  categories  thus  limited,  the 
Carnegie  Company  say,  in  effect,  that  they  do  not  supply  them. 

Obviously,  the  purpose  of  this  action  on  the  part  of  the  Carnegie 
Company  was  that  of  having  any  one  section  applied  to  as  many 
different  purposes  as  possible,  so  that  a  larger  tonnage  can  be  got  out 
in  each  case.     In  this  the  company  has  been  successful. 

I  am  told  that  no  formal  agreement  has  been  come  to  by  American 
steel  manufacturers  as  to  the  number  and  character  of  the  sections 
that  they  are  prepared  to  roll.  The  reduction  of  sections,  so  far  as 
the  old  section  books  were  concerned,  was  more  or  less  of  a  natural 
■evolution.  There  is  not  even  an  understanding  that  the  number  of 
sections  must  be  limited.  As  a  matter  of  fact,  the  total  number  of 
sections  is  constantly  being  added  to  by  introducing  new  ones  for 
new  purposes,  but  the  process  of  simplification  goes  on  all  the  same.* 

Air.  Hofi'man  informed  me  that  the  American  Steel  Companies  do 
not,  in  any  case,  refuse  to  roll  a  particular  section  which  may  not  be 
on  their  section  books,  but  say,  in  effect,  to  their  customer  who  may 
call  for  a  new  section  :  "  We  don't  roll  that  section,  but  if  you  pay 
for  the  cost  of  a  set  of  rolls,  and  give  us  a  sufficiently  large  order  to 
make  a  reasonable  run  on  the  section,  we  will  take  it  up."  **  The  cost 
of  rolls,"  he  added, "  is  still  one  of  our  heaviest  items  ;  many  sets  of  rolls 
cost  us  more  than   3,000  dols." 

Standard  Specifications. 

Within  the  last  two  or  three  \ears,  very  great  improvements  have 
been  made  in  the  standardisation  of  American  specifications  for  mate- 
rials of  all  kinds,  including  rails,  tires,  forgings,  castings,  axles,  splice 
bars,  boiler  plates,  rivets,  and  structural  steel  for  buildings,  bridges  and 
ships.  This  important  work  has  mainly  been  brought  about  by  con- 
certed action  on  the  part  n(  the  leading  steel  manufacturers  of  the 
I'nited  States,  who  Ruined  a  sjiccird  organisation   for  that  purpose,  the 

*  One  of  the  largoi  section  lM».k>  In  that  of  ihc  American   lloop  Company,  for  which  a 
new  ca'.ah)gue  is  now  in  course  «>f  j  reparation,  with  the  sections  brought  up  to  dale. 
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arrangements  being  left  in  the  hands  of  my  friend,  Mr.  A.  L,  Colby^ 
metallurgical  engineer  of  the  Bethlehem  Steel  Company,  I  asked  Mr. 
Colby  to  give  me  a  few  facts  as  to  the  history  of  this  movement,  and 
he  has  done  so  in  the  communication  which  will  be  found  in  the 
Appendix.* 

As  regards  the  materials  employed  in  manufacture,  the  practice 
in  the  United  States  is  to  refrain- from  imposing  restrictions  on  details, 
it  being  considered,  as  stated  by  Mr.  Colby t  that  *'  in  general,  it  is 
outside  of  the  province  of  the  engineer  to  specify  details  of  metallurgical 
processes,  when  he  is  afforded  by  the  manufacturer  every  reasonable 
opportunity  to  test  the  finished  material."  In  the  case  of  eight  foreign 
rail  specifications,  the  manufacture  is  limited  to  the  use  of  **  best 
English  or  Spanish  hematite  pig-iron  and  charcoal  spiegeleisen." 
Mr.  Colby  points  out  that  *'this  unnecessary  requirement  cannot  be 
complied  with  in  any  American  rail  mill,  and,  if  seriously  interpreted^ 
would  seriously  limit  English  competition. { 

The  American  specifications  prescribe  open-hearth  steel  only  for 
axles,  tires,  boiler  plates,  rivets,  and  structural  steel  for  bridges  and 
shipbuilding  ;  open-hearth  or  Bessemer  steel  for  castings,  forgings,  rails, 
splice  bars,  and  structural  sections  for  buildings  ;  and  open-hearth, 
Bessemer,,  or  crucible  steel  for  castings  and  forgings,  while  for  tires 
only  open-hearth  and  cruciblt  steel  are  permitted. 

Standard  Tests. 

Drop  tests  are  called  for  in  the  specifications  for  axles,  tires  and 
rails,    in    accordance  with    general    American    practice.      For  fire-box 


*  Ml.  Colby  at  the  same  time  sent  me  the  following  explanatory  letter  : — 

"  Bkthlehem  Sfekl  Company, 

"  South  Bethlehem,  Pa., 

"  October  yt/i^  190 1. 
"  My  dear  Sir,— 

"  As  promised  during  your  visit  with  us  to-day ^ 

I  enclose  a  brief  historical  account  of  the  efforts  which  have  been  made  in  this 
country,  since  1895,  looking  towards  the  standardisation  of  specifications  for  iron 
and  steel,  which  have  led  up  to  the  recent  adoption,  in  August  last,  by  the  American 
section  of  the  International  Association  for  Testing  Materials  of  the  enclosed 
Anurn'can  Standard  Specifications,  As  stated  in  my  historical  introduction,  these 
specifications  were  not  only  adopted  at  the  Fourth  Annual  Meeting  of  this  American 
Section,  held  on  June  29th,  190 1,  but  were  subsequently  adopted  by  a  letter  ballot 
of  the  full  membership  of  the  American  Section ;  they  are  therefore  in  no  wise 
subject  to  criticism  of  being  **  Manufacturers'  Specifications,'  but  are  rather  a 
compromise  between  engineers,  manufacturers  and  customers,  and  as  they  are 
the  result  of  numerous  Committee  meetings  held  since  March  9th,  1899,  may  be 
safely  accqjted  as  the  mature  judgment  of  the  American  Section  of  the  International 
Association  for  Testing  Materials. 

'*  Yours  truly, 

*'Ai;i'.ERT  Ladi)  Coi.nv, 
Mr.  J.  S.  Jeans.  **  Metallurgical  Kn^ineer,'* 

"Shenley  Hotel,  Pittsburg,   Pa.*' 

t  Ametican  Standard  Sped ficaticns  for  Steel,  2n(l  Kd.,  1902,  p.  14. 
:  Ibid^  p.  15- 
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Steel  theie  is  a  test  for  hoIIlogeneIt\^  Percoasive  tests  are  oaly 
fied  for  laige  steel  castings.  Tests  of  tensile  felici^lh  aie  sprrifai  ia 
order  to  secuie  that  the  necessan*  limits  of  the  quality'  aire  preaeat 
Yield-point  tests  are  specified  because  they  are  bdieved  to  ^fimudi 
a  desirable  check  on  the  accuracy*  of  the  assumption  that  die  daitic 
limit  of  the  material  under  consideration  is  at  least  one-half  of  the 
tensile  strength.  Tests  for  the  ccmtraction  of  area  are  specified  far' 
castings,  axles,  and  forgings,"  where  the  tensile  strength  is  determined 
on  a  turtted  test  specimen.  '''Cold  bending  tests  aie  adopted  as 
furnishing  a  \-aluable  indication  of  the  quality-  of  metal,  and  qaendi- 
bending  tests  are  required  for  open-hearth,  boiler-plate,  and  rivet 
steel,"  to  insure  the  absence  of  excess  of  carbon  or  other  haideninif 
elemenL** 

The  scope  and  range  of  this  Report  do  not  appear  to  call  for  more 
detailed  facts  as  to  standard  tests,  but  the  reader  who  may  desire  more 
specific  information  on  the  subject,  will  find  it  set  out  in  Mr.  A.  L» 
Colby's  recent  valuable  work,*  where  the  tests  prescribed  for  all  the 
principal  categories  of  steel  products  are  given  at  length. 

The  steel  manufacturers  have  established  a  *^  standard  specificatioo  * 
for  testing,  which  sets  out : — 

''  The  elongation  shall  be  measured  on  an  original  lei^th  of  8  io, 
except  when  the  thickness  of  the  finished  material  is  /^  in.  or  lesSi 
in  which  case  the  elongation  shall  be  measured  in  a  length  equal  to  16 
times  the  thickness  ;  and  except  in  rounds  of  ^  in.  or  less  in  diameter, 
in  which  case  the  elongation  shall  be  measured  in  a  length  equal  to 
eight  times  the  diameter  of  section  tested." 

Ky  this  specification,  if  the  test  specimen  had  a  thickness  of  {  ia 
or  a  diameter  of  J  in.,  the  elongation  would  be  measured  over  a  length 
of  5  in.,  but  if  the  thickness  or  diameter  were  a  trifle  greater,  it  would 
be  measured  over  8  in.  It  has  been  |X)inted  out  that  the  liberality  of 
the  manufacturers,  to  themselves,  is  shown  in  these  specifications  in  the 
absence  of  any  requirement  as  to  phosphorus,  and  also  in  the  provisions 
that  in  structural  steel  only  two  test  pieces  shall  be  taken  from  each 
melt  or  blow,  one  for  tension  and  one  for  bending,  and  in  boiler-plate 
steel  only  four  test  pieces  are  to  be  taken,  two  for  tension  and  two  for 
bending. 

In  April,  1900,  the  American  Chemical  Society  adopted  a  series  of 
resolutions  for  the  establishment  of  a  National  Standard  Bureau,  in  view 
of  the  need  of  apparatus  of  guaranteed  accuracy  in  chemical  and 
physical  investigations.  Hence,  the  United  States  Congress  has  been 
urged  to  found  such  a  bureau,  in  connection  with  the  Office  of  Standard 
Weights  and  Measures,  in  order  to  provide  facilities  for  verification  of 
and  for  stamping  chemical-measuring  apparatus. 

The  great  variety  of  specifications  hitherto  existing  in  the  United 

States  has  been  regarded  as  an  annoyance  and  an  obstruction.     There 

were  recently  in  existence  specifications  for  boiler  plates  framed  by  the 

British  Board  of  Trade,  Lloyds*  Register,  the  American  Shipmasters' 

Association,    the   American    Boiler    Makers*   Association,  the   United 

*  American  Standarti  Specifications  for  Steel.      The   Chemical    Publishing  Company, 
Kaston,  Pa.,  1902. 
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States  Navy  Department,  th^ .  United  States  Board  of  Inspectors  of 
Steam  Vessels,  the  Pennsylvania  Railroad  Company,  and  many  others, 
together  with  the  specifications  of  various  private  testing  laboratories 
and  individual  engineers. 

In  a  recent  article  the  Engineer  pointed  out  that  in  the  present  day 
it  is  extremely  desirable,  not  only  that  the  cost  of  work  of  all  kinds 
should  be  kept  down,  but  that  every  facility  should  be  given  for  its 
rapid  execution.  "  The  head  and  front  of  the  offending  of  the  modern 
specification  is  that  it  augments  cost  and  hampers  production.  There 
can  be  only  one  way  of  accounting  for  this  if  it  be  true — namely,  the 
incompetence  of  the  man  who  draws  the  specification.  We  speak  of 
incompetence  advisedly.  A  man  may  be  a  very  able  engineer,  and  yet 
woefully  incompetent  in  his  dealings  with  his  fellow-men.  Let  us  take 
a  case  in  point ;  very  similar  things  occur  every  day.  A  certain  railway 
is  being  made,  say,  in  one  of  the  colonies.  Broadly  speaking,  the 
bridge  work  is  of  a  very  ordinary  kind.  It  can  be  divided  up  in  terms 
of  spans.  There  are  four  or  five  spans  of  loo  ft.  wanted  ;  50  spans  of 
about  40  ft.,  and  a  number  of  girders  to  cross  very  small  gullies,  little 
more  than  culverts.  There  is  no  sufficient  reason  why  all  the  bridges  of 
the  same  span  should  not  be  identical  throughout.  There  are,  say,  five 
bridges  of  100  ft.  each,  then  all  that  are  needed  are  ten  lattice  girders, 
with  the  cross  girders,  etc.,  for  a  span  of  100  ft,  100  plate  girders  for 
40-ft.  spans,  and  a  number  of  rolled  girders  of  sufficient  strength  for  the 
gullies  or  culverts  make  up  the  total.  A  man  manufacturing  girders  or 
bridges  on  his  own  account  would  keep  all  the  necessary  material,  and, 
indeed,  many  of  the  parts,  in  stock,  and  the  purchasers  could  buy  out  of 
stock,  and,  therefore,  in  the  cheapest  and  quickest  market.  But  nothing 
so  simple  will  satisfy  the  English  civil  engineer." 

Conferences  international  in  character  have  been  held  during  recent 
years  at  Munich,  Dresden,  Berlin,  Vienna,  Zurich,  Stockholm,  and 
Buda-Besth,  for  consideration  and  determination  of  the  problems 
involved  in  testing  methods,  including  the  proportion  of  standard 
specifications  for  properties  and  inspection  of  materials. 

The  International  Association  at  a  recent  date  had  over  1,600 
members.  The  objects  of  the  association  are  stated  to  be  the  develop- 
ment and  unification  of  standard  methods  of  tests  for  the  determination 
of  those  qualities  of  materials  of  construction  and  others  which  are  of 
technological  importance,  and  the  perfection  of  apparatus  for  that 
purpose.  More  than  120  members  of  the  association  are  resident  in 
the  United  States. 

The  sub-division  of  the  problems  dealt  with,  or  set  out  in  the 
programme  of  the  association,  covers  a  wide  range,  and  includes, 
besides  the  establishment  of  international  standard  methods  of  testing 
and  inspecting  iron  and  steel,  based  on  specifications  in  actual  use, 
the  adoption  of  methods  of  determining  uniformity,  and  the  unification 
of  methods  of  testing  different  materials. 

In  1894  the  American  Society  of  Mechanical  Engineers  appointed 
a  "Committee  on  Uniform  Standards  in  Methods  of  Testing  Materials 
and  of  Test  Specimens,"  which  secured  the  co-operation  of  a  large 
number  of  engineers  and  engineering  laboratories  in  studying  the 
methods  pursued  and  in  making  duplicate  tests, 

s  2 
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Pfians:es  in  Steel  Rail  Sections. 

The  American  Society  of  Civil  Engineers  has  recently  had  before 
it  a  proposal  for  the  appointment  of  a  committee  to  consider  sug- 
gested modifications  of  the  American  Society  rail  sections.  These 
sections  have  been  widely  adopted,  and  probably  70  per  cent,  of  all 
the  rails  rolled  in  the  United  States  are  now  rolled  to  them.  Since 
that  the  rolling  mills  have  taken  means  to  finish  rails  at  a  lower 
temperature.  It  seems  to  have  been  found  out  that  the  flange  of  the 
American  Society  section  is  relatively  too  thin  for  the  best  results, 
perhaps  even  for  succcessful  results,  in  this  cooler  rolling,  while  the 
process  of  re-rolling  worn  rails  seems  likely  to  become  an  important 
element  in  economy,  and  it  is  found  that  a  thicker  flange  will  better 
fit  the  rail  for  re- rolling. 


SECTION  X1.--SOME    ECONOMIC    PROBLEMS. 


CHAPTER    XVIII. 

Currency,  Credit,  Banking  and  Wealtli^ 

Financial  Panics. 

Not  a  few  experienced  and  practical  observers  arc  dissatisfied  with 
the  present  situation  of  American  finance,  and  look  forward  with  a 
certain  amount  of  apprehension  to  the  future.  This  is  partly  due  to 
the  operations  and  aggressiveness  of  the  Free  Silver  Party,  partly  to  the 
exceptional  conditions  under  which  banking  is  carried  on  in  the  country, 
and  partly  as  the  result  of  what  is  deemed  to  be  the  instability  of 
general  credit,  which  is  the  almost  inevitable  outcome  of  the  large 
risks  undertaken,  and  the  dangers  attendant  on  financial  panics. 

In  dealing  with  the  present  and  the  future  of  so  gigantic  a  national 
interest  as  that  of  the  iron  and  steel  industries,  which  may  be  taken 
to  represent  an  aggregate  value  of  not  much,  if  any,  less  than  400 
millions  sterling,  the  influence  of  currency  and  banking  cannot  be 
overlooked,  seeing  that  financial  stability  lies  at  the  root  of  all  sound 
and  permanent  business.  It  becomes  all  the  more  important,  in 
view  of  the  well-known  fact  that  panics  have  been  more  frequent  and 
more  acute  in  the  United  States  than  in  almost  any  other  country,  and 
that  not  only  is  there  no  security  providing  against  their  recurrence,  but 
the  liability  to  financial  crises  is  believed  by  not  a  few  authorities  to 
be  at  least  as  serious,  if  not  even  greater  than  ever. 

The  financial  records  of  the  United  States  show  that  in  the  great 
panic  of  1837- 1838  more  than  1,000  banks,  practically  all  the  banks 
in  the  United  States,  failed.  In  1856  nearly  every  bank  in  the  United 
States  closed  its  doors  and  went  out  of  business,  and  but  few  of  them 
ever  resumed.  Again,  in  the  panic  of  1873,  a  great  many  banks  in 
the  United  States  failed,  and  in  the  panics  of  1890- 1893,  all  the  banks 
in  New  York  City  suspended  payment  and  only  certified  their  cus- 
tomers* cheques. 

In  the  panic  of  1893,  the  medium  of  exchange  was  reduced  by  the 
action  of  the  national  banks  in  refusing  to  swap  credits,  to  the  extent 
of  more  than  300,000,000  dols.  A  recent  writer  has  remarked  that 
there  is  no  way  to  tell  how  a  great  reduction  was  produced  by  the 
action  of  the  State  banks  and  the  trust  and  other  companies  which 
exercise  the  functions  of  commercial  banks,  but  that  if  that  reduction 
was  the  same  as  that  of  the  national  banks  (and  there  is  some  evidence 
that  this  estimate  would  be  correct)  the  aggregate  reduction  of  the 
medium  of  exchange  was  not  less  than  600,000,000  dols. 

During  this  panic,  the  market  value  of  the  products  of  the  farms 
and  the  factories  was  abnormally  low,  and  it  was  estimated  that  there 
were  more  than  2,000,000  labourers  in  the  United  States  who  were 
unable  to  .sell  their  labour  at  any  price,  while  millions  more  were  com- 
pelled to  sell  their  labour  at  a  reduced  price. 

In    1893,   there   were  3,830   banks  in   the  United  States,  with  net 
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deposits  amounting  to  i9iO'4  million  dols,,  and  a  reserve  of  38o'5 
millions.  In  1900,  the  number  of  banks  had  increased  to  3,595,  the  net 
deposits  to  3031*5  million  dols.,  and  the  reserve  to  630*8  millions.  The 
capital  of  all  the  national  banks  between  1876  and  1900  had  increased 
from  504*2  million  dols.  to  602  millions,  and  the  surpluses  had  increased 
from  134*4  million  dols.  to  247*6  millions. 

The  net  earnings  of  the  national  banks  have  fluctuated  materially. 
During  the  last  quarter  of  a  century,  the  maximum  in  any  single  year 
was  40*1  million  dols.  for  the  six  months  ending  March  ist,  189 1,  and 
the  minimum  was  13*6  million  dols.  for  the  six  months  ended 
September  ist,  1878.  Between  the  first  half  of  1893,  ^"<i  ^he  first  half 
of  1894,  their  net  earnings  fell  from  36  millions  to  19*7  millions 
of  dols. 

Banking  Business. 

The  transaction  of  the  New  York  Clearing  House  between  1890  and 
1 899  varied  as  under  : — 

Capital        589  to  608  million  dols. 

Clearings 376  to  573        „         „ 

Balances  paid  in  cash IJ53  to  3,085       „  „ 


It  has  been  an  interesting  problem  for  economists  in  both  Great 
Britain  and  in  the  United  States  to  seek  to  ascertain  how  this  liability 
to  panics,  and  such  serious  consequences  as  their  result,  have  come  about, 
in  view  of  the  figures  above  quoted.*  The  problem  is  all  the  more 
important  that  the  capital  of  the  banks  of  the  United  States  is  really 
greater  than  that  of  the  banks  of  the  United  Kingdom,  and  that  no 
such  dire  distress  has  attended  financial  panics  in  this  country. 

Not  only  so,  but  American  financial  authorities  have  pointed  out 
thatt  "  the  loanable  medium  of  exchange  produced  by  the  banks 
of  Great  Britain  was  565  millions  sterling,  while  the  loanable  medium  of 
exchange  produced  by  the  national  banks  of  the  United  States  was 
only  520  millions  sterling.  By  their  superior  organisation  the  banks  of 
(ircat  Britain,  with  approximately  half  the  capital,  produced  nearly 
twice  the  amount  of  loanable  medium  of  exchange." 

The  constitution  of  the  United  States  (Act  I.,  section  8)  gives 
Congress  '*  the  power  to  coin  money,  regulate  the  value  thereof,  and  of 
foreign  coins."  Congress  has  established  a  gold  and  a  silver  dollar,  each 
of  a  certain  weight  and  fineness,  and  it  can  give  these  coins  any  value 
that  it  pleases. 

It  appears  that  one  explanation  of  the  liability  to  financial  crises  in 
the  United  States  is  that  the  American  laws  require  certain  minimum 
percentages  of  reserve,  and  compel  the  banks  when  that  percentage  is 
reached  to  suspend  the  exercise  of  the  banking  function.  This  pro- 
vision of  the  law  was  intended  to  be  a  safeguard,  but  it  has  been  held 
that  upon  several  occasions  the  observance  of  the  law  would  have 
brought  ruin  upon  all  the  banks.  On  these  occasions  the  New  York 
City  banks  have  boldh'  disregarded  the  law  in  respect  to  the  reserve, 

•  These  figures  are  abstracted  from  the  SfiUisiual  Ahstrac'  of  the  United  States, 
t  Address  to  the  bankers  of  Milwaukee  by  Mr.  Stickney,  president  of  the  Chicago  and 
Great  Western  Railroad  Company. 
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and,  in  defiance  of  the  law,  have  stood  together  for  a  few  days  as  a 
system. 

The  banks  of  the  United  States,  according  to  Mr.  Stickney,  "  are 
not  parts  of  a  whole  plan  connected  in  such  a  manner  as  to  create 
a  chain  of  mutual  supports,  but  they  arc  local  and  independent  institu- 
tions. In  times  of  commercial  crises  each  must  depend  upon  itself, 
and  as  it  is  evident  that  one  bank,  without  the  co-operation  of  the 
other  banks,  cannot  support  the  enormous  credits  of  a  commercial 
nation  like  the  United  States,  each  begins  to  scramble  to  increase  its 
cash    reserve   at    the    expense    of   the    other    banks,  and    to    reduce 

its  liabilities/' 

Cash  Reserves. 

The  currency  law  of  the  United  States  calls  for  the  holding  in  the 
United  States  Treasury  of  large  reserves,  which  have  exceeded  500 
millions  of  dollars,  in  addition  to  over  100  millions  held  in  personal  and 
corporate  reserves  and  in  silver.  It  was  said  by  a  writer  of  authority 
some  years  ago,  that  "  this  great  and  growing  aggregate  stands  before 
the  world  a  menace  of  vast  proportions,  depressing  the  price,  and 
retarding  the  metallic  union  so  much  desired."*  The  exclusive 
privilege  of  issuing  currency  notes,  based  upon  interest-bearing  bonds 
of  the  Government,  as  security,  is  given  to  banks  specially  organised, 
and  every  other  form  of  circulating  note  is  prohibited  under  a  penalty 
of  10  per  cent.  It  has  been  claimed  that  by  this  prohibition  of 
currency  the  annual  commercial  movement  of  the  United  States  is 
obstructed  at  the  vital  point  of  departure,  that  it  causes  a  want  of 
elasticity  and  flexibility  in  the  circulating  medium,  and  that,  although  to 
some  extent  this  want  has  been  supplied  by  the  increase  of  small 
national  banks  organised  throughout  the  country,  by  which  local 
exchanges  of  commodities  are  pivoted  from  one  dealer  to  another,  as 
in  the  country  store,  by  means  of  deposits  and  cheques,  the  redemption 
of  the  public  debt  has  practically  caused  the  "  National  Currency  Act  " 
to  become  ineffective. 

The  following  figures  compare  the  circulation  per  capita  and  the 
units  of  money  to  units  of  currency  in  the  United  States  and  eight 
other  leading  countries  : — 

Circulation  per  capita  Units  of  money  to 

Countiv.                                         of  leading  countries.  units  of  property. 

Dols. 

I'nited  Slates               ...             ...             2500  ...  i  to  40 

C Germany       ...            ...            ...             19*50  ...  1  to  33 

France          ...            ...            ...            4i'5o  ...  1  to  27 

Austria           ...             ...             ...               9*00  ...  i   to  51 

Spain             ...            ...            ...             19*00  ...  I  to  31 

Russia           ...             ...             ...              5"oo  ...  i  to  42 

Holland         ...            ...            ...            28*50  ...  i  to  40 

Italy              ...             ...             ...             I  roo  ...  i  to  42 

(treat  Britain               ...            ...            2000  ...  i  to  60 

It  has  been  argued  that  these  figures,  however  statistically  inter- 
esting, are  calculated  to  mislead,  since  they  appear  to  show  the  same 
per   capita    circulation    for    countries    whose    wealth,    commerce,   and 

*  George  S.  Coc  cm  **The  Real  Currency  of  Ctmimerce." 
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general  conditions  are  widely  different.  Nevertheless,  there  *  is 
probably  no  better  way  at  present  available  of  indicating  the  two 
conditions  which  the  table  is  intended  to  illustrate. 

Strengthening  American  Finance. 

Various  measures  have  been  proposed  with  a  view  to  the 
improvement  of  the  financial  situation  of  the  United  States — among 
others,  free  silver  and  free  banking.  The  opinion  of  the  people  of 
the  United  States  has  so  far  been  declared  against  free  silver,  on 
the  ground  that  it  carries  with  it  a  debased  currency,  and  has 
asserted  that  the  only  sound  system  is  a  gold  standard,  which 
expresses  itself  in  a  currency  of  unchanging  value.  What  is  still 
required  to  strengthen  American  finance  is  declared  by  authorities 
to  be  "  the  redemption  in  gold,  and  the  legal-tender  demand 
obligations  of  the  Treasury  to  cancel  them,  and  thereafter  to 
refrain  from  entering  into  competition  with  the  banks  in  the  field  of 
bank-note  issuing."  The  conferring  on  the  banks  of  enlarged  powers 
of  note-issue  on  lines  of  public  safety,  and  making  them  solely 
responsible  for  the  redemption  of  the  same  in  gold,  has  been 
advocated,  but  it  has  been  contended  on  the  other  hand  that  this 
would  place  too  much  1  ower  in  the  hands  of  the  banks.  The 
answer  is  that  while  in  other  countries  the  banks  issue  and  redeem 
the  promissory  notes  which  circulate  as  currency,  and  finance 
Governmental  affairs,  without  loss  to  the  central  authority  or  pre- 
judice to  the  rights  of  the  people,  the  absence  of  such  a  system 
intensifies  and  widens  the  disastrous  effects  of  panics  in  the  United 
States. 

Wealth  of  the  United  States. 

I'he  wealth  of  the  United  States  is  made  a  matter  of  ascertain- 
ment by  the  Census  of  that  countr\',  which  shows  that  between  1870 
and  1890  the  property  of  the  country  had  increased  from  30,000 
millions  of  dollars  currency  (24,000  millions  gold)  to  65,000  millions 
in  gold,  or  an  increase  within  twenty  years  of  41,000  million  dollars 
gold.  1  have  not  vet  seen  anv  ascertainment  bv  the  Census  of  the 
wealth  of  the  country  in  hjoo,  but  the  general  belief  is  that  the 
progress  between  1890  and  1900  must  have  been  {greater  than  in  any 
previous  decade.  Between  1870  and  1890,  the  savings  of  the  popu- 
lation of  the  United  States  amounted  to  over  40  dols.  per  annum, 
and  it  is  a  notable  statistical  fact  that  in  any  seven  years  of  this 
period  the  average  family  saved  as  much  as  the  total  .sum  of  its 
wealth  in  1850,  and  in  16  years  had  accumulated  as  much  as  its 
total   amount  in    1870. 

American  Taxation. 

Economists  have  lon<JC  claimed  that  it  was  one  of  the  most 
favourable  conditions  of  the  United  States  that  it  had  no  standing 
army  worth  speaking  of,*  that  it  neither  had  nor  required  an 
extensive  navy,  that  its  debt  was  small,  and  that  its  necessary  out- 
goings   relatively    to    resources    and   jwpulation    were    less    than    those 

*    The  standini;   army   was    for    many  }cars  priur   to   ihc  Cuban   War    fi.\e<l    al    25,000 
men. 
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of  anv  other  nation  on  the  face  of  the  earth.  All  this  is  now  in 
process  of  being  changed,  but  so  long  as  it  lasted  industry  naturally 
enjoyed  gieat  advantages  in  exemption  from  the  heavy  and  often 
crushing  burdens  of  European   States. 

A  comparison  of  the  federal  expenditure  of  the  last  ten  years 
shows  that  it  has  during  that  period  advanced  by  leaps  and  b^)unds. 
Between  1890  and  1900.  the  total  expenditure  has  advanced  from 
25  milh'ons  to  65  millions  of  dols.  for  the  nav\\  from  52  to  235 
millions  for  the  army,  and  from  2  to  23  million  dols.  for  the 
diplomatic  ser\ice.  etc.  The  total  increase  of  the  cx|X!nditurc  during 
that  period  has  been  280  million  dols.,  while  the  total  outgoings 
have  increased   from   421    millions   to    700  millions   of  dols. 

The  expenditure  per  capita  has  within  sixteen  years  increased  from 
4*15  to  8  dols.  annually,  bi'ing  an  increase  of  92  per  cent.  In  the  five 
years  ended  1900^  the  Fedeial  expenditure  rose  from  494  to  797  millions 
of  dols.,  which  is  an  advance  of  about  61  per  cent. 

While  the  total  exj)enditure  of  the  United  States  for  the  last  three 
years  has  been  at  the  rate  of  about  145  millions  sterling  a  year,  this 
is  not  so  large  as  that  of  some  European  States,  and  notabh-  Great 
Britain  and  France,  but  it  is  coming  nearer  to  that  level  than  most 
American  economists  would  have  deemed  possible  onh'  a  few  years  ago. 

Moreover,  the  ex|)enditure  of  the  United  States  has  almost 
steadily  exceeded  the  income  for  a  number  of  years  past.  The 
interest-bearing  debt  has  gone  up  from  41. \  million  dols.  in  1S73, 
and  from  64  million  dols.  in  1891  to  76  million  dols.  in  1899,  while 
the  debt  bearing  no  interest  has  increased  from  538  millions  in  1883, 
and  825  millions  in    1890,  to  944 J  million  dols.  in    1900. 

The    United  States  has  dreams  of  becoming    the    financial    centre 
of  the  world,  and   there  arc  even    those  who  claim  that    the  sceptre 
has   already  passed    from  Lombard  Street  to  Wall    Street — that  New 
York   is    now    the   dominant    citv    in    all    matters    of   currencv    and 
finance,  and    that   London    must   for  the    future   be   content    to    fill    a 
.secondary  position.      This   is  not  yet  the  case,  whatever  it    may    be 
in    the    future.      The    able  Finance  Minister    of    Russia    on    a    recent 
occasion  declared  that,  in  his  opinion,  London  still  remained,  and  was 
likely  for    some    time    to    continue    to    remain,  the    world's  principal 
financial    centre.      But  whether    this    be   so  or    not    is    of    secondary 
importance  to   the  fact     that    the     absence    of    a     sound    system    of 
banking   and    more  or    less   unsettled    views   on    currency    are    liable 
in  the  future,  as  in   the  past,    to    precipitate   and    intensify    financial 
panics,  which    bring   serious  discredit   on  American  business   methods 
and    stability,  and    create   a   sense   of  insecurity  which,  until  removed, 
must    limit     the   possibilities    of    sound    industrial     and     conimercial 
expan.sion,     although     apparently     interfering     but      little     with     the 
ultimate  accumulations  of  visible  wealth.     As  we  have  also  seen,  the 
increase  of  national  expenditure  has  recently  been  such  as  to  justify  the 
belief  that  American  industry  is  likely  to  have  lo  bear  lar^ci)'  nicrcascd 
taxation  in  the  future. 


CHAPTER  XIX. 

The  Social  Surroundinsfs  of  Workmen. 

Much  of  the  contentment  and  prosperity  of  the  typical  American 
workman,  as  well  as  his  notable  readiness  to  co-operate  with  his 
employer  in  all  that  makes  for  the  increase  of  productivity  and  the 
cheapening  of  manufacture,  is  attributed  by  some  of  the  largest  em- 
ployers with  whom  1  have  had  the  opportunity  of  discussing  the  subject 
to  the  fact  that  the  workman  is  the  owner  of  his  own  little  freehold,  and 
that  his  domestic  surroundings  are  calculated  to  make  him  happy,  and 
to  feel  a  sense  of  both  independence  and  responsibilit}'.  It  is  certainly 
the  case  that  most  of  the  working  men  in  the  great  industries  of  the 
eastern  and  middle  States  arc  the  owners  of  their  own  houses,  and  that 
this  ownership  binds  them  to  the  immediate  locality  by  bonds  that  do 
not  seem  to  be  otherwise  equally  effective. 

This  is  more  or  less  the  case  in  regard  to  all  the  great  centres  of 
American  industry,  but  in  the  cities,  as  a  rule,  the  workman  has  to 
make  his  own  arrangements  for  becoming  his  own  freeholder,  and  his 
purchase  of  his  own  dwelling  is  a  matter  that  he  has  to  carry  out 
unaided.  The  usual  course  adopted  is  to  buy  a  house  through  one 
o{'  the  numerous  building  societies  that  are  to  be  found  in  most  of 
the  large  American  cities.  Philadelphia  supplies  the  most  striking 
example  of  the  magnitude  of  the  business  done  in  this  direction.  I 
was  informed  in  that  city  that  the  turnover  of  these  societies  is  nearly, 
if  not  full}-,  equal  to  that  of  the  regular  banks.  But  in  a  few  cases, 
the  acquisition  of  his  own  freehold  is  made  easy  for  the  working  man^ 
under  conditions  of  excej)tionHl  attractiveness,  and  nowhere  is  this  so 
conspicuously  the  case  as  at  Vandergrift,  the  head-quarters  of  the  great 
sheet  mills  of  that  name,  formcrlv  owned  by  the  Apollo  Iron  and  Steel 
C'ompaiu',  but  now  j)art  of  the  properties  acquired  and  carried  on  by 
the  American  Sheet  Steel  Company. 

As  I  have  for  a  nuiiiber  of  years  past  devoted  a  good  deal  of 
attention  to  the  economic  problem^  connected  with  the  housing  of 
working  men,  and  as  the  adecjuate  solution  of  these  problems,  in  my 
opinion,  lies  at  the  root  of  better  relations  between  employers  and 
employed  in  our  ow  n  countr\',  I  ha\'e  deemed  it  desirable  to  say  some- 
thing here  of  how  the  plans  iuui  arrangements  of  Mr.  McMurtry,  the 
founder  of  \'andcrgrilt,  compare  or  contrast  with  those  of  other 
capitalists  who  have  aimed  at  the  solution  of  kindred  problems  in  a 
more  or  less  similar  waw 

In  Great  Britain  there  have  happily  been  many  attempts  made  at 
different  times  by  large  employers  of  labour  to  improve  the  moraU 
social,  sanitary,  and  economic  conditions  of  their  workpeople.  Begin- 
ning with  the  interesting  sociological  experiments  made  at  New  Lanark^ 
bv  Robert  Dale  Owen,  in  the  last  centurv,  the  ideal  conditions  of 
labour   and    the    working  man's  Utopia  have  been   aimed  at  by  such 
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important  employers  as  the  Crossleys,  the  Akroyds,  the  Ransomes,  the 
Salts,  and  many  others. 

Akroydoii. 

One  of  the  first  of  these  was  the  experiment  made  by  Mr.  Akroyd, 
of  Halifax,  who,  to  get  his  workpeople  to  invest  their  savings  in  buying 
their  own  houses,  set  apart,  in  i860,  a  large  plot  of  ground,  consisting 
of  1 3^  acres,  which  he  divided  into  building  lots,  on  a  uniform  plan, 
prepared  for  him  by  an  architect.  A  person  desiring  to  build  was 
required  to  conform,  in  regard  to  the  exterior,  to  the  plan  drawn  by  die 
architect.  This  was  done  so  as  to  procure  one  harmonious  style  of 
building  throughout  the  whole  of  the  intended  town.  Ground  for  a 
large  square  in  the  centre,  and  the  streets,  was  given  by  Mr.  Akroyd 
when  the  buildings  were  finished,  but  a  charge  was  made  for  the  ground 
on  which  a  house  was  built.  A  person  intending  to  build  was  required 
to  pay  a  subscription  of  1 5s.,  which  constituted  him  a  member,  and, 
if  he  desired,  the  house  was  commenced  immediately.  The  payment 
of  15s.  per  month  went  on  during  the  time  the  house  was  building,  and 
by  the  time  it  was  finished  the  member  of  the  society  would  have  paid 
j^io  towards  its  erection.  He  had  then  the  option  of  either  pay- 
ing at  once  the  whole  cost  of  the  house,  or,  in  case  he  was  not  provided 
with  funds,  the  building  was  mortgaged  to  the  Halifax  Permanent 
Benefit  Building  Society,  Mr.  Akroyd  becoming  security  to  that 
society  for  the  original  deposit  money,  along  with  the  owner  of  the 
house.  The  mortgage  was  gradually  paid  off  by  monthly  instalments, 
which  were  in  proportion  to  the  value  of  the  house,  and  at  the  end 
of  about  12  years  the  house  became  the  independent  property  of  the 
member. 

Saltaire. 

In  Great  Britain,  one  of  the  best  known  of  the  model  communities 
founded  by  the  forethought  and  enterprise  of  employers,  is  that  which 
the  late  Sir  Titus  Salt  established  near  Bradford,  in  1853,  for  the 
purix)se  of  carrying  on  the  then  comparatively  new  alpaca  industry. 
I  visited  this  model  community  in  1873,  and  wrote  an  account  of  it,  and 
of  the  industry  upon  which  it  was  founded,  with  the  help  of  the  founder.* 
On  referring  to  my  notes  prepared  for  that  occasion,  I  find  it  stated 
that  there  were  then  12  streets  running  north  to  south,  and  17  running 
cast  to  west,  that  they  were  built  of  a  uniform  width,  that  they  open  out 
of  one  another  at  right  angles,  and  that  the  town  then  contained  nearly 
900  dwellings,  the  Census  of  1871  showing  a  population  of  4,389. 
T-hc  commonest  houses  were  let  at  3s.  to  3s.  6d.  per  week,  including 
rates  and  taxes,  and  their  accommodation  consisted  of  a  front  parlour, 
a  sitting-room,  and  two  bedrooms,  with  convenience!:  ;  a  better  class 
of  house,  with  three  bedrooms,  and  a  garden  in  front,  being  let  for  5s. 

All  the  houses  were  built  of  stone.  The  erection  of  bcershops  or 
public-houses  was  prohibited.  All  the  houses  are  built  after  much  the  same 
model.  The  institutions  embraced  the  Saltaire  Club  and  Institute,  erected 
ataco.st,  including  fittings,  etc.,  of  over  ;6 2 5, 000,  and  embracing  a  lecture 
hall  capable  of  seating  800,  a  lecture  theatre  to  seat  200,  a  school  of  art, 

•  7^ Fraciicai Magatine,  Vol.  III.,  1874,  p.  161. 
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with  a  valuable  collection  of  models,  a  gymnasium  and   dnll-hall,  and 

laboratories,  reading  and  recreation  looms,  etc.      In  order  to  provide  for 

the  poor  of  Saltaire,  Sir  Titus  built  45  almshouses,  capable  of  housing 

60   residents,  an   infirmary,  baths  and  washhouses,  a  Turkish  bath,  a 

Congregational  Church  with  free  scats,  and  a  public  park  extending  to 

14  acres  of  land,  which  embraced  provision  for  boating,  bathing,  tennis, 

croquet,  etc. 

Port  Sunlight. 

Port  Sunlight  is  situated  less  than  six  miles  from  the  centre  of 
Liverpool,  so  that  it  is  in  the  vicinity  of  one  of  the  most 
populous  cities  in  Europe.  The  houses  are  mainly  built  on  the  model 
of  Shakespeare's  cottage  at  Stratford-on-Avon.  The  village  was 
founded  about  1 5  years  ago.  The  streets  are  laid  out  somewhat  after 
the  style  of  American  cities,  with  trees  planted  in  the  streets  and 
lawns  in  front  of  the  houses.  It  is  not  modern  in  the  sense  of  some 
American  towns,  with  electric  cars  rushing  through  the  streets,  and 
saloons  on  every  corner.  The  homes  of  the  workmen  are  modern,  and 
contain  the  luxuries  of  bath,  hot  and  cold  water,  gas.  water-closet,  etc., 
— in  fact,  all  scientific  sanitary  arrangements.  Cosy  fireplaces  are  in 
nearly  every  room,  and  ail  are  neatly  decorated.  All  this  is  included 
at  a  monthly  rental  of  from  i6s.  6d.  to  25s.  The  rent  includes  gas 
and  water,  and  is  said  to  be  "  scarcely  sufficient  to  keep  the  houses 
in  repair."  Houses  of  this  kind  could  not  be  rented  at  such  rates  to 
people  not  employed  in  the  industry  which  supports  the  town,  and  it 
has  very  properly  been  pointed  out  that  the  difference  between  the  stated 
rentals  and  such  rentals  as  would  pay,  over  and  above  repairs,  a  fair 
interest  or.  the  investment,  must  be  regarded  as  part  of  the  wages  of 
those  who  reside  in  them.  The  employer  and  employed  together 
govern  the  village.  There  arc  some  twenty  departments  in  the  works, 
and  each  elects  from  one  to  six  members  of  a  "  village  council,'*  the 
manager  of  each  department  being  also  a  representative  therein-  The 
village  appears  to  be  remarkable  for  its  clubs  and  social  institutions. 
In  fact  Mr.  Wood  states,  *'  the  main  work  of  the  council  appears  to 
be  the  management  and  care  of  these  clubs  and  institutions.  To  be 
a  member  of  any  club  or  society  costs  is.  a  year,  the  firm  adding  three 
times  this  amount  for  each  person  joining,  and  supplying  billiard  tables, 
music,  musical  instruments,  band  uniforms,  etc."  There  are  public 
buildings,  including  a  large  hall  ;  a  pavilion  for  club  meetings  ;  brick 
school  buildings  costing  i^i  5,000,  finished  with  English  oak,  and 
supi)liecl  with  school  furniture  made  in  the  United  States  ;  and  a  church 
which  ''  dates  back  to  the  time  of  Cromwell,  and  was  only  saved  from 
destruction  by  that  great  reformer  turning  it  into  a  stable  for  cavalr}'.'* 
The  schools  are  free,  being  maintained  by  the  employers. 

At  Port  Sunlight  the  houses,  well-built  in  quaint  Old  English  style, 
give  a  pleasing  variety  and  picturesqueness.  The  red-tiled  irregular 
roofs,  latticed  windows,  traceries  of  woodwork,  red-brick  walls  covered 
with  ivy  and  creepers,  and  other  artistic  features,  make  the  little  houses 
as  prett}'  without  as  they  are  comfortable  within.  They  are  surrounded 
by  well-kept  lawns  and  gardens,  while  the  neat  and  clean  streets  are 
lined  with  trees.  Prizes  are  given  for  the  best-kept  gardens.  Only 
sufficient  rent  is  charged  to  pay.  for  the  maintenance  of  the  houses  and 
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vHla^c  institutions.  If  the  tenants  arc  recktcs-s  and  run  up  repairs,  a 
rise  in  the  rents  will  follow.  The  tenants  pay  their  rates  direct  so  as 
to  quicken  their  interests  as  citizens.  The  smallest  cottage  contains  a 
kitcheti-sitting-room,  two  bedrooms  and  scullery,  and  the  rent  is  2s.  6d. 
I>er  week.  There  are  stringent  regulations  limiting  or  prohibiting  lodgers, 
according  to  the  number  in  the  family.  The  institutions  of  the  place 
include  a  school  and  a  church,  institutes  for  social  and  educational 
purposes,  a  hall  used  as  a  restaurant,  a  concert  hall,  a  post  office, 
co-operative  stores  managed  by  the  workmen,  and  a  temperance  public- 
house.  The  other  institutions  of  the  place  embrace  literary  and 
scientific,  dramatic,  musical,  horticultural,  photographic  and  reading 
.societies.  The  facilities  for  outdoor  recreation  and  amusement  include 
cricket,  bowling,  lawn-tennis,  cycling,  football.  There  is  an  open-air 
.swimming  bath,  a  chess  club  and  billiard  club,  and  during  the  winter 
smoking  concerts,  etc.  The  Port  Sunlight  death-rate  has  been  reduced 
to  ID  per  thousand,  while  the  birth-rate  has  been  as  much  as  56. 

Pullman. 

The  town  of  Pullman,  on  the  west  shore  of  Lake  Calumet,  fourteen 
miles  south  of  Chicago,  I  had  the  opportunity  of  visiting  at  the  time 
of  the  visit  of  the  Iron  and  Steel  Institute  toChicago,  in  iJ<90,  and  again 
when  I  visited  the  World's  Fair  in  1893.     The  Census  of  1S90  showed 


Fiu.  70. 


the  town  to  have  a  population  of  about  io,6od,  and  it  was  .stated,  in 
1893,  that  there  were  6,ooo  hands  employed  in  all  the  works  of  the  place, 
who.se  average  earnings  were  2  dols.  a  day.  For  many  years  it  wiis 
claimed  that  it  was  "  the  only  town  in  the  world  built  artistically  and 
scientifically  in  every  respect."  The  extreme  length  of  the  town  in 
1893  was  about  two  miles  in  a  north  and  south  direction  by  about  half 
a  mile  in  average  width.  The  general  type  of  the  houses  is  dcfcribed 
as  the  round  arched  or  Romanesque,  without  the  Hyzantinc  details,  for 
dlief  sbtqM  and  buildings.     The  birth-rate  was  30  per  thousand,  while 
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the  death-rate  has  generally  been  lo\v.  The  houses  rent  at  from  five 
to  so  dols.  a  month,  the  average  being  14  dols.  (£2  l8s.  4d.J  per  month, 
which  is  stated  to  be  less  than  the  average  of  similar  tenements 
elsewhere  in  Chicago— in  which  Pullman  is  now  incorporated.  The 
ground  is  owned  by  the  I'alacc  Car  Company  and  by  the  Pullman 
Land  Association,  to  the  extent  of  3,500  acres.  The  width  of  the 
ordinary  street  is  66  ft.,  and  the  distance  between  house  lines  is  about 
100  ft.  The  main  boulevard — tilth  Street— is  100  ft.  wide.  The 
.sewage  is  pumped  to  a  farm  three  miles  south  of  the  town.  All  the 
.shops  and  public  buildings  are  heated  by  steam.  The  building  of 
I'ullman  was  begun  in  May,  1880.  The  water  supply  is  obtained  from 
Lake  Michigan  and  is  carried  inside  all  the  tenements. 


In  1S95,  I  had  an  opportunity  of  being  shown  over  the  "  colonies  " 
attached  to  the  Es^cn  Works  of  Fried.  Krupp,  in  Westphalia,  as  well  as 
of  seeing  the  more  important  departments  of  the  works  themselves. 
These  "colonies,"  and  the  general  circumstances  of  the  treatment  of 
their  workmen  by  the  Krupp  firm,  are  prett\-  familiar  to  those  who  are 
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intcrcsteil  in,  and  hiivc  givL'ii  much  attCLition  to,  the  i>rinciples  and 
conditions  of  mcdcl  communities.  The  Krupp  enterprise  is  a  sort 
of  paternal  despotism.  'I'hc  workman  has  few  rights  or  privileges  that 
are  not  liable  to  be  cancL'llcd  at  the  di.scrction  or  caprice  of  his 
employer.  The  rents  of  the  houses  arc  no  doubt  low,  and  the  arrange- 
ments made  for  securing  the  comfort  of  the  cmploj'cs  are  thoughtful, 
considerate,  and,  up  to  a  certain  point,  adequate ;  but  the  workman's 
independence  is  in  no  w  ay  guaranteed,  anil  he  is  never  without  the 
consciousness  that  whatever  good  things  may  be  providc<l  for  him  are 
held  at  the  will  of  his  employer,     lie  does  not  own,  and  is  not  afforded 
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any  opportunity  of  owning,  his  own  freehold.  He  is  not  consulted  as 
to  the  character  ofthe  structure  which  he  is  to  inhabit.  He  is  subjected  to 
a  severe  discipline  as  to  the  conditions  under  which  he  is  to  live,  and 
his  control  over  his  own  surroundings  is  little  more  than  nominal.  On 
the  other  hand,  he  is  afforded  opportunities  at  the  Essen  stores,  which 
I  went  over,  of  purchasing  commodities  cheaply,  his  wages  are  good — 
for  Germany — he  is  treated  with  consideration  in  his  old  age,  and  his 
constant  employment  is  pretty  well  ensured.  The  Krupp  dwellings, 
as  a  rule,  are  also  well  built,  healthy,  with  plots  of  ground  attached  to 
the  best  of  them,  and  let  at  reasonable  rents. 

Vandersrift. 

In  June,  1895,  ^^^  "C^^'  town  of  Vandergrift  was  begun  by  the 
purchase  of  some  64.0  acres  of  farm  land  by  the  Apollo  Iron  and 
Steel  Company,  or  rather  by  Mr.  George  G.  McMurtry,  its  well  known 
head. 

When  the  managers  of  the  Apollo  Iron  and  Steel  Company  decided 
to  build   the  new  plant,  they  also  decided   to  lay  out  a  town  which 
would  be    so   superior   to  the   ordinary   industrial    settlement    that   it 
would  attract  a  high  class  of  working  men.      The   financial  benefits 
to  accrue  from  the  sale  of  lots  were  not  overlooked,  but  this  phase 
of  the  undertaking  was  made  subordinate  instead  of  paramount.     The 
site  selected  was  ideal.     The  mills  were  laid   out  on  a  comparatively 
level   part  of  the  tract.      The  ground   set  apart   for  the  town   slopes 
up  gradually  from  the  Kisiminetas   River,  affording  perfect  conditions 
for  drainage.      The  services  of  Frederick   Law   Olmsted,  the  famous 
landscape  gardener,  were  secured  in  making  the  plan  of  the  town.     He 
laid   out  wide    streets,  not    crossing    each   other  at   right  angles,  but 
forming  arcs  of  a  circle  gently  curving  with  the  contour  of  the  ground. 
The  plan  provided    for  a   number  of  small    plots   to  be  ornamented 
with  flower  beds  or  shrubbery.      Thus   the  beginning  was  made   for 
artistic  effect,  which  seems   to    have    been    deeply  impressed  on   the 
minds  and  habits  of  the  people.     The  lots  as   laid  out  were  of  good 
proportions,  with  an  alley  running  through  the  centre  of  every  block. 
A   complete    system   of    sewerage  was    installed,  pipes   were  laid   for 
gas  and  water,    connections    were    run    to  every    lot  to  prevent   the 
streets  from  again    being    torn    up,  and   the  streets  and   alleys   were 
then  paved    handsomely    and    durably  with    vitrified   brick.      It  was 
intended    from    the    begiinn'ng    that    the    town   should   have  no  out- 
houses. 

At  the  outset  the  men  who  were  desirous  of  securing  employment 
in  the  mills  had  the  first  opportunity  afforded  them  to  purchase 
building  lots.  The  price  was  fixed  at  the  average  of  five  \ears  for 
areas  of  similar  extent  in  Apollo — a  neighbouring  town.  Xo  stipula- 
tions were  laid  down  as  to  the  frontage  or  character  of  the  house  to 
be  built,  every  man  having  liberty  to  follow  his  own  taste.  One 
of  the  unique  features  of  the  town  is  that  the  land  compan}- — which 
was  made  an  entirely  .separate  concern,  and  is  not  associated,  except 
indirectly,  with  the  manufacturing  company — did  not,  as  in  most 
other  similar  cases,  build  houses  to  sell  or  let,  nor  did  they  undertake 
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the  building  of  the  running  of  any  shops  or  stores.  They  certainly 
did  provide  for  and  control  gas,  water,  and  electric  light,  but  it  was 
one  of  the  principles  laid  down  by  the  founder  that  the  owners  of  the 
real  estate  should  not  in  any  way  Compete  with  private  enterprise, 
where  it  could  be  avoided.  And  this  principle,  which  has  been  strictly 
adhered  to,  was  to  assist  the  workmen,  as  far  as  possible,  to  assist 
themselves,  but  always  with  the  conditions  and  appearance  of  having 
their  absolute  independence  of  action  unaffected.  Thus  the  men  in 
all  cases  have  been  responsible  for  the  design  and  arrangement  of  their 
own  houses,  they  have  bought  the  freehold  of  the  land  on  which  their 
houses  are  erected,  and  they  arc  not  interfered  with  in  any  way  in 
municipal  affairs. 

Vandergrift  has  been  incorporated  as  a  borough  under  the  laws 
of  Pennsylvania,  its  present  population  being  about  6,000.  All  public 
improvements,  the  building  and  control  of  schools,  the  building  of 
churches,  the  organisation  of  public  entertainments,  and  other  purely 
local  and  social  affairs  are  carried  out  by  officials  or  bodies  elected 
by  popular  vote. 

Being  situated  in  a  district  which  is  rich  in  natural  gas  supplies, 
this  popular  form  of  fuel  is  used  in  every  house  for  heating  and 
lighting,  its  average  annual  cost  being  from  30  to  40  dols.  per  house, 
while  the  cost  of  living  in  other  respects  may  roughly  be  indicated 
by  the  fact  that  the  average  payment  per  annum  for  rates  and  taxes 
is  3375  dols,  and  for  water  1275  dols. 

A  recent  description*  of  Vandergrift  states  that  "  the  aim  of  the 
builders  of  Vandergrift  was  to  attract  a  high  class  of  working  men. 
This  they  have  succeeded  in  doing.  It  is,  however,  a  remarkable 
settlement  of  young  people.  It  is  believed  that  in  it  hardly  a  dozen 
persons  can  be  found  over  50  years  of  age.  The  skilled  men  employed 
in  the  mills,  from  superintendents  down,  will  not  average  over  32. 
This  has  not  been  brought  about  by  any  forced  arrangement,  but 
probably  demonstrates  that  young  men  arc  more  likely  to  settle  in 
a  new  locality  than  old  ones.  Further,  the  working  men  are  largely 
natives  of  the  locality,  sons  of  farmers  or  of  working  men  in  near-by 
towns.  It  is  believed  that  not  over  10  per  cent,  are  foreigner^,  and 
these  are  principally  employed  in  the  galvanizing  department,  where 
the  character  of  the  work  is  distasteful  to  men  fitted  for  a  more  skilled 
vocation.  Among  such  a  high  class  of  workmen  a  general  spirit 
of  good  fellowship  is  shown.  They  freely  and  willingly  assist  one 
another,  their  intercourse  being  remarkably  free  from  discord.  Here 
the  influence  of  the  management  and  the  power  of  a  good  example 
are  seen.  It  is  a  cardinal  principle  in  the  Vandergrift  Works  that 
every  man  shall  be  treated  as  a  man,  whatever  his  station  may  be. 
If  a  roller  has  a  difference  with  a  scrap-boy,  the  superintendent  gives 
a  hearing  to  both,  and  if  the  scrap-boy  lias  been  unjustly  treated,  the 
roller  is  compelled  to  make  amends.  Any  man  having  a  grievance 
is  invited  to  make  it  known  to  the  management,  and  if  on  investigation 
the  complaint  proves  to  be  well  founded,  the  trouble  is  corrected.  All 
superintendents,  to  the  highest,  know  the  men  personally,  so  as  to  be 
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able  to  call  them  by  name  and  take  pains  to  speak  to  them.    Thus 
a  bond  of  friendship  and  mutual  interest  is  created  and  sustained." 

Accompanied  by  Mr,  Pargny,  the  general  manager,  and  my  col- 
league, Mr.  Parkes,  M.P.,  I  visited  several  of  the  houses  at  Vandei^ft, 
beginning  with  the  aristocratic  mansion  of  a  roller,  who  was  in 
receipt  of  about  13  dols.  per  day,  and  finishing  with  the  unpretentious 
house  of  a  workman  employed  as  timekeeper,  at  2}^  dols.  In  the 
roller's  house  these  was  an  oak  staircase,  an  up-to-date  piano,  a  number 
of  really  excellent  pictures,  a  roomy  and  el^ant  hall,  and  a  general 
air  of  style  and  gentility.  The  domicile  at  the  other  end  of  the  scsde. 
was  more  like  that  of  a  respectable  working  man  at  home,  clean  and 
neat,  and  bearing  evidence  that  there  was  no  superfluous  wealth  about 
But  all  alike  signified  in  the  most  unmistakable  way  that  the  residents 
of  Vandergrift  felt  and  acted  up  to  the  influence  of  their  surroundings — 
that  having  no  squalid,  ugly,  and  demoralising  exterior  conditions,  they 
felt  it  incumbent  on  them  to  keep  their  interiors  as  decent  as  possible, 
although  in  cases  where  there  are  large  families  this  may  not  always 
be  easy.  It  was  clear  also  that  both  men  and  women  were  proud  of 
the  place,  and  had  pleasure  in  showing  how  tidily  they  kept  their 
several  homes.  The  clement  of  tidiness  is  omnipresent,  and  it  is 
nowhere  more  in  evidence  than  in  the  appearance  of  the  children, 
who  are  almost  always  dressed  with  a  degree  of  taste  and  neatness  that 
is  too  often  absent  in  British  homes.  Cleanliness  is  guaranteed  by 
the  fact  that  every  house  has  its  own  bathroom  and  other  up-to-date 
sanitary  conveniences. 

One  of  the  features  of  Vandergrift  that  must  immediately  strike 
the  visitor,  and  in  respect  of  which  it  differs  from  almost  every  other 
working  man's  colony  I  have  seen,  is  the  individuality  of  the  houses. 
There  are,  indeed,  one  or  two  terraces  built  on  a  symmetrical  plan, 
but  apart  from  these  there  has  been  but  little  care  to  maintain  uni- 
formity. More  or  less,  every  workman  has  been  his  own  architect,  and 
has  adopted  his  own  ideas  of  style  and  arrangement.  This  tends  to 
create  a  "  house-proud  "  feeling  on  the  part  of  both  men  and  women, 
and  comparisons  of  architectural  conditions  and  characteristics  are 
natunilly  common  amoni:^  the  proprietors  of  these  often  chaste  and 
elegant  abodes.  The  cost  of  the  houses  range  from  600  or  700  to 
1400  or  1,600  dols.,  and  the  workmen  are  largely  helf)ed  in  their 
financial  arrangements  by  a  local  building  society,  which  is  usually 
reach*  to  lend  whatever  max-  be  needed  at  a  moderate  rate  of  interest, 
Vandergrift,  if  not  the  only  ''  working  man's  Paradise  "  in  the  New 
World,  is  at  least  the  nearest  approach  to  the  ideal,  both  in  its  physical 
conditions  and  its  construction,  of  any  place  that  I  have  ever  seen 
in  the  course  of  pretty  extensive  wanderings,  both  in  the  Old  World 
and  in  the  New. 

It  would  be  unpardonable  in  any  notice  of  Vandergrift  to  omit 
due  notice  of  its  founder — its  ''  guide,  counsellor,  and  friend,"  since  its 
inception.  This  distinguished  position  belongs  to  my  friend  of  many 
years'  standing,  Mr.  George  G.  McMurtr}',  who  is  now  the  president 
of  the  American  Sheet  Steel  Corporation.  In  a  great  speech  delivered 
in  1826,  on  the  relations  between  Great  Britain  and  Portugal,  George 
Canning  declared  :  **  I  called  the  new  world  into  existence  to  redres.*^ 
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the  balance  of  the  old."  Mr.  McMurtry  has  called  a  new  community 
into  existence  of  which  he  is  justly  proud,  partly  to  redress  the  balance 
of  the  old  community  at  Apollo,  but  mainly  to  prove — as  he  has 
done  with  most  signal  success — that  working  men  who  are  happy,  and 
contented,  and  independent,  and  treated  with  respect,  are  not  so  liable 
to  take  false  and  short  views  of  the  economic  bases  of  the  industrial 
system  as  men  who  know  but  little  of  these  things. 

I  do  not,  however,  wish  or  intend  to  convey  the  impression  that 
there  are  many  Vandergrifts  even  in  the  most  'desirable  and  enter- 
prising localities  of  the  United  States.  I  do  not  even  intend  to  imply 
that  American  workmen  are,  as  a  rule,  better  housed  than  those  in 
the  old  country.  Probably,  as  a  rule,  they  are  nothing  of  the  kind. 
I  visited  .some  of  the  dwellings  of  some  of  the  men  employed  about 
Birmingham,  Alabama,  by  the  Tennessee  Coal,  Iron  and  Railroad 
Company,  which  I  select  because  they  were  described  to  me  as  typical 
of  the  workmen's  houses  throughout  that  region.  I  have  also  visited 
the  dwellings  of  miners  and  ironworkers  in  the  North  of  England, 
Scotland,  Wales,  and  other  localities.  In  point  of  comfort  the  British 
workman  was  unquestionably  the  better  off.  The  American  workman 
has  often  to  make  shift  with  exceedingly  poor  accommodation — indeed, 
generally,  as  it  seems  to  me,  outside  of  the  large  cities,  which  is 
probably,  in  large  measure,  due  to  the  rapid  rate  at  which  industrial 
plants  are  organised.  About  British  industrial  centres  there  is  generally 
more  pains  taken  to  secure  the  element  of  stability,  workmen's 
dwellings  included. 
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CHAPTER  XX. 

American  Products  in  Foreign  Markets. 

Principles  and  Profits. 

Thk  fact  that  the  United  States  have  greatly  increased  their 
exports  of  iron  and  steel  products  within  recent  years,  is  not  necessarily 
a  proof  that  they  are  in  a  position  to  continue  to  do  so  under  a  free 
fighting  trade.  It  is  unquestionable  that  the  tariff  has  greatly  helped 
the  recent  increase  of  exports.  Xor  is  the  fact  that  the  United  States 
can  produce  steel  more  cheaply  than  any  other  country  necessarily 
a  proof  that  they  can  capture  foreign  markets  on  a  large  scale.  These 
two  facts  appear  to  control  the  whole  situation,  but  there  is  a  third 
that  appears  to  me  to  be  almost  ecjually  fundamental — namely,  the  fact 
that  prices  and  production  are  subject  to  such  a  phenomenal  range  of 
fluctuation  that  the  so-called  '*  invasion  "  of  to-day  may  be  turned  to  a 
regular  rout  to-morrow.  In  other  words,  there  does  not  at  present  appear 
to  be  any  .solid  guarantee  of  stability  in  the  American  exports  of  iron 
and  steel — first,  because  there  is  no  assurance  that  the  tariff  will  be 
maintained  ;  secondly,  because  without  the  tariff  American  manufacr 
turers  could  not  rely  on  exporting  with  profits  ;  and  thirdly,  because 
the  trade  of  the  United  States,  as  at  present  constituted,  is  likely  to 
be  intermittent  and  irregular,  and  no  trade  can  be  so  well  founded 
as  that  which  is  least  liable  to  extremes  of  value  and  of  volume. 

To  a  large  extent,  the  principles  on  which  the  export  trade  of  the 
United  States  is  at  present  founded  were  laid  down  seven  years  ago, 
in  an  editorial  in  the  Iron  As^e  which  said  : — 

"It  is  likely  that  our  manufacturers  will  have  to  treat  the  foreign  markets,  in 
many  cases,  as  the  slaughtering-ground  for  a  surplus,  or  as  a  means  of  reducing 
cost  by  enlarging  business,  and  thus  running  up  to  full  capacity.  In  doing  so  they 
will  merely  follow  the  example  of  producers  in  competing  countries  who  have 
frequently  used  this  very  method  to  caj)ture  trade  in  this  country." 

Everyone  who  knows  anything  of  the  subject  is  aware  that  this 
has  largely  been  the  course  followed  in  the  export  trade  done  by  the 
United  States,  up  to  the  present  time.  I  do  not  say  that  no  materials 
have  been  exported  at  a  profit.  Possibly,  indeed,  a  profit,  although  not 
an  adequate  one  under  all  the  circumstances,  has  attached  to  the  great 
bulk  of  the  materials  shipped  to  Europe.  But  that  was  during  a  period 
of  exceptionally  low  costs.  No  .American  products  in  iron  and  steel 
can  be  sent  to  Europe  with  a  profit  at  the  average  quoted  prices  of 
1 900- 1 90 1,  and  the  extent  of  the  future  invasion  of  European  markets 
by  such  products  must  largely  depend  on  how  far  and  how  long  those 
prices  are  likely  to  be  maintained.  So  long  as  American  pig-iron 
makers  can  in  their  home  market  command,  as  they  now  do,  from  i8s. 
to  25s.  per  ton  more  than  the  prices  quoted  in  Europe,  and  from  30s.  to 
40s.  })er  ton  more  for  finished  products,  plus  railway  rates  to  the  sea- 
board, and  ocean  freight  to  Europe,  Europe  need  not  be   much  afraid. 
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By  the  time  that  the  older  and  probably  more  nonnal  range  of  prices 
has  been  re-established  much  may  have  happened,  the  nature  and  cfifcct 
of  which,  in  view  of  the  Stygian  darkness  that  has  always  enveloped 
the  future  of  the  iron  trade,  it  would  be  hazardous  to  predict. 

In  considering  the  natural  conditions  at  the  command  of  the  United 
States  for  the  development  of  an  export  trade,  it  is  not  likely  to  be 
overlooked  that  in  that  country  there  are  only  two  steel  plants  on 
tide  water — one  at  Sparrows  Point,  Baltimore,  and  the  other  near 
Wilmington,  Delaware.  The  ore  for  these  plants  is  brought  long 
distances  over-sea.  During  the  last  three  years  much  of  it  has  been 
obtained  from  Canada,  and  some  of  it  from  Cuba.  Neither  of  these 
concerns  has  bituminous  coal  within  200  miles  of  its  furnaces.  The 
principal  group  of  works  that  have  hitherto  done  the  bulk  of  the  export 
trade,  in  finished  products  especially,  is  in  the  Pittsburg  district,  nearly 
500  miles  from  New  York,  which  is  their  principal  shipping  port, 
although  Birmingham,  Ala.,  which  is  looking  forward  to  the  develop- 
ment of  an  export  trade  in  finished  products,  as  well  as  in  pig-iron, 
is  little  more  than  half  that  distance  from  ports  that  are  likely  to  have 
a  future.  Meanwhile,  at  these  southern  ports,  the  command  of 
tonnage  is  uncertain  and  precarious. 

AnUcipation  and  Realisation. 

Writing  in  1891,  Sir  Lowthian  Bell  stated  that  "  I  think  it  very 
improbable  that,  beginning  with  pig-iron  at  53s.  per  ton  at  Pittsburg. 
and  adding  8s.  4d.  for  carriage  to  a  seaport,  the  older  seats  of  the 
American  iron  trade  can  compete  with  Great  Britain,  except  to 
countries  close  at  hand,  such  as  Canada,  and  the  northern  portion  of 
South  America.  If  we  are  to  meet  American  iron  in  Europe,  Asia, 
or  Australia,  it  will  be  that  produced  in  the  southern  States  of  the 
Union.**  The  writer  of  these  lines,  although  proved  unreliable  as  a 
prophet  by  subsequent  events,  was  not  the  only  one  who  failed  in 
1890  to  see  the  *' coming  events  cast  their  shadows  before."  In  the 
twelve  years  ended  with,  and  including  1890,  the  imports  of  iron  and 
steel  into  the  United  States,  nearly  wholly  from  Great  Britain,  averaged 
nearly  900.000  tons  a  year,  mostly  in  the  form  of  rails,  tinplates, 
pig-iron,  and  scrap.  In  the  ten  following  years,  the  American  imports 
of  iron  and  steel  have  not  averaged  more  than  300,000  tons  a  year, 
and,  if  we  except  tinplates,  they  have  not  of  late  years  reached  1 50,000 
tons  a  year,  including  spiegeleisen  and  fcrro,  which  are  the  next  most 
important  imports. 

Less  than  ten  years  after  Sir  Lowthian  Bell  had  discredited  the 
probability  of  exports  of  Pittsburg  iron  and  steel  to  Europe,  the  United 
States  had  exported  to  all  countries,  and  largely  to  the  Continent, 
1,154,270  tons  of  iron  and  steel  in  one  year,  which,  with  the  concurrent 
exports  of  machinery,  hardware,  and  tools,  made  uj)  a  total  value  of 
130,000,000  dols.,  or  nearly  ;^27,ooo,ooo  sterling,  and  the  exports  of  these 
commodities  had  more  than  doubled  in  value  between  1897  and  1900. 

In  considering  the  future  of  the  export  trade  of  the  United  States, 
it  is  important  to  remember  that  at  the  j)resent  time  no  district  in  the 
country  can  export  finished  or  semi-finished  materials  at  a  less  cost 
than  2  dols.,  or  8s.  4d.  per  ton,  for  railroad  transport  alone.  That  rate 
is  quoted  for  the  railway  transport  of  blooms,  billets,  and  bars.     Indeed 
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the  lowest  regular  rate  quoted  to-day  from  Pittsburg  to  the  sea  is 
2  dols.  lo  cents  to  Baltimore,  and  to  New  York  the  rate  is  2  dols. 
40  cents,  or  los.  per  ton.  Birmingham,  Ala.,  though  much  nearer  to 
tide-water,  is  hardly  better  off  in  respect  to  the  rates  quoted  for 
manufactured  steel.  The  rate  for  blooms,  billets,  and  bars  to  Mobile 
and  Pensacola  is  2  dols.  50  cents,  or  los.  5d.  per  ton,  although  by 
going  to  Savannah  or  Charleston,  which  are  nearly  200  miles  farther, 
the  steel  manufacturers  of  Alabama,  somewhat  curiously,  get  off  with 
I  dol.  75  cents,  or  7s.  3id. 

The  question  that  is  presented  for  the  consideration  of  those  who 
are  studying  the  problems  that  environ  the  present  and  the  future  of 
American  exports,  seems  to  be  :  How  long  can  the  United  States  con- 
tinue to  pay  7s.  6d.  to  iis.  6d.  per  ton  for  the  railroad  transport  of 
iron  and  steel  from  works  to  the  sea,  plus  ocean  freights,  and  still  make 
a  profit  on  foreign  trade  ?  So  far  as  I  can  judge  of  the  facts,  the 
present  position  of  the  Pittsburg  manufacturers  in  cultivating  European 
business  will   be  approximately  as  follows : — 

Estimated  Normal  Cost  of  Pittsbuix  Iron  in  Great  Britain, 

s.    d. 
Iron   ore,  per  ton  of  pig-iron 
^"■'^^  J)  1,  ,,         •••  •••  ••• 

Limestone  „  .,  „ 

ounGries      ,,  ,,  ,,         ..•  ...  ,,. 

1  Otcll  ..•  ...  ...  ••• 

Add  freight  to  seaboard,  say 
„     Sea  transport,  say    ... 

„     Freight  from  Liverpool  to  industrial  centres  of 
United  Kingdom,  say 

Total  cost  delivered  ... 

According  to  this  showing,  British  manufacturers  are  at  present 
protected  against  the  so-called  American  invasion  by  the  last  three 
items,  which  collectively  make  up  a  sum  of  20s.  6d.  I  speak  only 
of  existing  conditions.  What  may  happen  in  the  future  no  one 
can  sa\'.  The  sea  freight  is  assumed  to  be  a  typical  and  normal 
one,  and  is  probabh'  rather  under  than  over  the  average.  The  freight 
from  British  ports  to  British  works  is  purely  hypothetical.  Seeing, 
however,  that  much  of  the  imports  of  American  steel  has  been  used  at 
Sheffield,  South  Staffordshire,  and  other  inland  centres,  it  is  hardly 
likely  to  be  too  high.  Indeed,  I  am  informed  by  my  friend,  Mr. 
Ford,  of  Voungstown,  that  he  is  charged  by  British  railways  7s.  to 
8s.  for  carr\'ing  iron  from  Liverpool  to  Sheffield,  which  is  more 
than  twice  the  figure  I  have  assumed  as  the  average  charge  from 
ports  to  works.  On  the  other  hand,  there  are  ports  nearer  to  the 
manufacturing  centres  than  Liverpool,  although  not  so  likely  to  be 
used   by  the  ordinary  American  tramp. 

The  Cultivation  of  Foreign  Markets. 

Our    American   cousins   did   not    allow  the    grass    to    grow    under 
their   feet  in   seeking  for   foreign    markets,  directly  they    had  got    to 
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the   level  when  that  process  appeared  to  promise  satisfactory  results 

For  a  century  and  a  half,  as  history  shows  *  the   United  States    had 

exported  small   quantities    of  iron    to    England,    but   practically   the 

Serious    business   of  doing    so    did    not   begin    until    1896,  when    the 

total  value  of  exports  under   the  heads  of  iron  and    steel    increased 

by  nearly  £2^000^000  sterling  compared  with  1895*     In  the  year  1895 

some    enterprising    manufacturers    made    a     bold    bid     for     certain 

European    markets,  but  they   were  sharply   taken  to  task    for  doing 

so,  the  Iron  Age  remarking  that : — 

"  If  we  can  meet  foreign  producers  in  distant  markets,  why  should  we  demand 
that  our  home  trade  be  guarded  against  their  invasions  ?  .  .  .  The  export  ship- 
ments in  a  number  of  lines  are  proof  of  widespread  distress  rather  than  evidence  of 
ability  to  compete  under  normal  conditions.  We  hold  that  the  low  level  of  prices 
which  has  prevailed  during  the  past  year  is  abnormal,  and  that  as  soon  as  we  have 
returned  to  a  condition  of  moderate  prosperity  all  talk  of  exports  will  vanish  until  the 
next  great  drop  in  values  brings  us  to  a  basis  when  a  permanent  and  profitable  foot- 
hold can  be  obtained  abroad.  That  time  has  not  yet  come.  We  arc  manufacturing 
so  very  cheaply  now  because  every  item  of  cost  is  squeezed  down  to  the  lowest  notch ; 
because,  until  lately,  raw  materials  were  unduly  low;  freights  are  now  down  to  an 
unremunerative  basis,  supplies  are  too  cheap,  wages  all  along  the  line  are  f[ir  below 
the  American  standard,  and  profits  to  capital  are  generally  conspicuous  by  their 
absence.  If  export  business  is  to  be  obtained  at  the  price  of  such  suffering,  American 
manufacturers  do  not  want  it,  and  will  rejoice  when  the  day  comes  when  returning 
prosperity  at  home  will  cut  us  off  from  it.'' 

Home  prosperity  has  returned  now  for  three  years  past  or  more, 
but  the  exports  of  iron  and  steel,  until  last  year,  showed  a  steady 
increase  in  spite  of  that  fact,  and  culminated  in  a  total  value  of 
over  26  millions  sterling,  including  machinery,  in  the  year  1900. 

The  English  newspapers  have  sometimes  published  statements 
which  were  calculated  to  convey  the  impression  that  the  American  iron 
trade  had  already  gone  far  to  extinguish  that  of  Great  Britain,  and  that 
American  machinery  was  now  supreme,  or  immediately  likely  to  become 
so.  It  is,  in  my  opinion,  desirable  and  necessary  that  these  erroneous 
impressions  should  be  dissipated  by  a  reference  to  the  solid  facts  of  the 
case.     The  average  annual  exports  of  iron  and  steel  and  machinery  for 
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Average  Annual  Exports  of  Iron,  Steely  Machinery ,  ete. 

(Iroat  Britain. 

United  Slates. 

£ 

L 

Iron  and  Steel .  .         26,100,000 

9,999,000 

Machinery        16,980,000 

8,520,000 

Cutlery 2,080,000 

...    Included  above 

Cycles 1,100,000 

...    Included  above 

Tools,  implements,  instruments  and 

apparatus      1,780,000 

...    Included  above 

Totals        48,040,000 

18,519,000 

These  figures  seem  to  me  to  make  it  pretty  evident  that  the  United 
States  are  still  a  long  way  from  having  come  alongside,  to  say  nothing 
of  having  wrested  the  supreme  position  from,  Great  Britain.  It  may  be 
said  that  Great  Britain  had  a  considerable  boom  during  these  five  years, 
but  that  probably  made  it  all  the  more  easy  for  the  United  States  to 
encroach  upon  her  markets.       It  may  further  be  said  that  the  United 

♦  Especially  Scrivenor's  History  of  the  Iron  Trade,  and  Swank's  Iron  in  ail  Ages. 
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States  were  not  ready  five  years  ago  in  the  matter  of  price,  but  eif^t  years 
ago  the  average  price  of  Bessemer  pig-iron  in  Pittsburg  over  the  whole 
year  was  ii-38  dols.  (47s,  $6.)  per  ton,  and  it  was  sold  by  such  con- 
cerns as  the  Carnegie  Company  for  materially  less.  Moreover,  in  that 
year,  the  average  price  of  both  billets  and  rails  at  Pittsburg  was  less 
than  the  average  of  any  subsequent  years  except  1897  and  1^8. 

While  these  figures  make  it  clear  that  the  United  States  have  not 
invaded  all  the  markets  of  Great  Britain  with  the  destructive  and 
invincible  influence  which  some  British  journals  would  have  us  believe, 
their  progress  of  late  years  has  been  truly  phenomenal,  as  the  following 
diagram  of  their  imports  and  exports  will  make  clear : — 
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The  figures  published  by  the  Federal  Bureau  of  Statistics  show  that 
the  total  exports  of  1900  were  four  times  as  great  as  in  i860,  but  in 
domestic  manufactures  they  were  nearly  eleven  times  as  great,  i.e,, 
432,284,366  dols.,  against  40,345,892  dols.  Taking  the  last  decade  alone, 
the  exports  of  manufactures  are  equally  striking.  In  1891  the  total 
exports  of  domestic  merchandise  were  872,2''0,283  dols.,  while  those  of 
domestic  manufactures  were  168,927,3 1 5  dols. ;  thus,  while  the  total  exports 
for  1900  were  but  57  per  cent,  in  excess  of  1891,  the  exports. of  domestic 
manufactures  were  156  per  cent,  greater.  In  all  of  the  foregoing  calcula- 
tions, no  account  is  taken  of  foreign  goods,  dutiable  and  free  of  dut}%  re- 
exported amounting  in  iqoo  to  23,710,213  dols. 

Institutions  for  the  Promotion  of  Trade. 

Among  the  various  institutions  founded  for  the  cultivation  of 
foreign  markets,  prominence  may  be  given  to  the  Philadelphia 
Commercial  Museum,  which  is  a  unique  institution  of  its  kind,  having 
been  founded  by  the  municipality  of  that  enterprising  city  with  a 
view  to  increasing  the  knowledge  of  industrial  products  and  thereby 
assisting  both  home  and  foreign  trade.  I  visited  the  museum,  was 
shown  over  it  by  the  assistant  director,  and  was  given  certain 
information  as  to  its  methods  and  operations.  Its  special  features  are 
a  bureau  of  commercial  information,  where  information  is  given  as  to 
foreign  markets,  among  other  subjects  ;  and  technical  laboratories, 
where  commercial  products  are  tested  and  analysed  free  of  charge, 
unless  the  tests  and  analyses  are  specially  costly.  In  this  it  struck  me 
that  the  museum  authorities  are  taking  up  a  position  which  it  is  difficult 
to  justify.  I  was  told,  for  example,  that  fibres  are  tested  without 
charge,  but  that  assay  of  ores  has  to  be  paid  for.  The  bureau  of 
commercial  information  is  stated  to  be  self-supporting.  Mr.  Sell,  of 
Commercial  Intelligence,  impressed  with  the  useful  work  done  by  the 
bureau,  has  established  a  similar  institution  in  London,  so  that  whatever 
advantages  such  a  system  can  confer  are  already  at  the  disposal  of 
British  traders. 

The  Philadelphia  Commercial  Museum  has  held  two  Pan-American 
Congresses,  in  1897  and  in  1899,  which  were  attended  by  delegates 
from  most  of  the  commercial  countries  of  the  world,  including  our 
own. 

Membership  of  the  Commercial  Museum  involves  a  payment  of  100 
dols.  a  year.  The  bureau  employs  about  75  officials  and  the  museum 
about  100.  The  latter  are  chiefly  employed  in  forming,  placing  out,  and 
otherwise  dealing  with  collections  of  commercial  products  generally. 
I  should  add  that  in  conversations  with  prominent  citizens  of 
Philadelphia,  I  heard  the  utility  of  the  Commercial  Museum  questioned, 
and  some  of  them  even  appeared  to  look  upon  it  as  a  white  elephant. 
The  International  Congresses  of  Commercial  Men.  which  the  museum 
has  organised,  look  well  on  paper,  but  I  am  not  satisfied  that  the}-  have 
been  of  material  practical  value. 

The  National  Association  of  Manufacturers  of  the  United  States 
IS  another  organisation,  established  in  1895,  to  promote  the  interests 
of  its  clients  in  both  home  and  foreign  markets.  I  visited  the  offices 
of  this  institution  in   Philadelphia,  and  was  presented  by  Mr.  Sanborn » 
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Sis  secretary,  with  a  mass  of  publications — mostly  of  considerable  value 
— which  it  has  issued  from  time  to  time.  These  publications  included 
a  most  useful  American  Trade  IndeXy  of  which  editions  in  English, 
Spanish,  and  French  have  been  issued,  and  in  which  details  are  given 
of  the  businesses  of  a  large  proportion  of  the  leading  manufacturers. 
The  association  carries  on  a  freight  bureau  in  New  York  City,  in 
which  attention  is  given  to  the  details  of  foreign  shipments  on  a 
CO  operative,  and  therefore  economical,  basis.  The  matters  which  this 
oiganisation  has  dealt  with  include  a  uniform  freight  classification, 
commercial  reciprocity,  improvement  of  the  consular  service,  a  bulletin 
containing  specific  inquiries  from  foreign  merchants  who  may  want 
to  do  business  in  the  United  States,  sample  warehouses,  etc.  Only 
manufacturers  are  eligible  for  membership,  and  the  annual  subscription 
is  50  dols.  (;^io  8s.  4d.).  The  association  has  secured  a  more  or  less 
important  footing  in  all  the  principal  States,  and  has  appointed  in  each 
State  a  vice-president,  who  is  understood  to  represent  its  interests. 

The  New  York  Merchants'^  Association. 

In  many  cities  and  districts  of  the  United  States,  there  are  merchants' 
or  traders'  associations  in  addition  to  Chambers  of  Commerce,  who 
make  it  their  business  to  look  after  such  matters  as  transportation, 
harbour  improvement,  Customs'  service,  taxation,  postal  facilities, 
internal' trade  and  foreign  commerce.  With  the  executive  of  one  such 
body — the  Merchants'  Association  of  New  York — we  had  the  privilege 
of  a  formal  interview  in  that  city,  during  which  such  questions  as  the 
comparative  conditions  of  railroad  rates  and  facilities,  canal  competition, 
ocean  freights,  and  dock  charges  were  discussed.  We  found  the 
Merchants*  Association  of  New  York  to  be  a  very  active  and  even  some^ 
what  aggressive  body.  It  regularly  publishes  a  Bulletin^  and  is  imbued 
with  a  deep  sense  of  the  importance  of  securing  cheap  transport  and 
ample  shipping  facilities  as  the  fundamental  bases  of  foreign  commerce. 
In  view  of  the  neglected  condition  of  our  British  canal  system,  it  may 
be  added  that  this  Association  has  for  years  agitated  for  the  widening 
and  deepening  of  the  canals  in  New  York  State,  so  as  to  give  direct 
water  communication  from  Chicago  and  Pittsburg  to  the  sea. 


CHAPTER  XXI. 

The  Tariff  System  of  the  United  States. 

The  trade  relations  of  Great  Britain  and  the  United  States  must 
be  in  the  future,  as  they  have  been  in  the  past,  more  or  less  affected 
by  tariff  legislation.  There  are  even  those  who  believe  that  this  is 
the  main  influence  affecting  those  relations.  However  this  may  be, 
it  will  hardly  be  disputed  that  a  consideration  of  the  outlook  from  a 
tariff*  standpoint  cannot  well  be  omitted  from  a  general  repoit  on  the 
industrial  conditions  of  the  United  States. 

The  subject  may  be  considered  under  the  following  heads  : — 

I. — The  Tariff*  Legislation  of  the  Past. 

2. — The  Outlook   for  the    Future,   and  its  Bearing  on  the  Trade 

Relations  of  the  Two  Countries. 
3. — The  Reciprocity  Movement. 
4. — The  Free  Trade  Movement. 
5. — Collateral   Phases  of  the  TarifT  Question. 

I.— Tariffs  of  the  Past. 

Since  the  year  1789,  when,  on  the  recommendation  of  Hamilton, 
one  of  the  first  protective  tariffs  was  adopted,  the  United  States  have 
passed  more  than  20  Tariff  Acts.  For  113  years,  therefore,  American 
statesmen  have  urged  the  principle  of  protection  to  native  infant 
industries. 

When  an  American  is  asked  to  justify  tariff  legislation,  he  probably 
begins  with  the  growth  of  manufactures  from  1850  to  1900,  during 
which  period  the  values  of  the  products  of  American  industries,  apart 
from  agriculture,  have  increased  fifteen-fold,  and  he  will  be  likely  to 
clinch  his  arguments  and  his  statistics  of  progress  under  protection, 
by  pointing  to  the  recent  triumphs  of  American  manufactures  in 
outside  markets.  He  may  especially  note  the  advances  in  the  exports 
of  iron  and  steel,  which  during  five  recent  years  showed  a  gain  of 
280  per  cent.,  or,  in  other  words,  rose  from  .;^6,400,ooo  to  the  remarkable 
figure  of  over  26  millions  sterling,  as  already  stated. 

The  iron  and  steel  industries  of  the  United  States  have  for  man)- 
years  past  fought  the  battle  of  protection  against  modified  tariffs  or 
free  trade  through  their  Association,  which  is  largely  kept  alive  for 
that  purpose.  While  this  organisation  lasts,  it  may  be  taken  for 
granted  that  no  general  free  trade  measure  will  ever  be  adopted  b>' 
Congress  without  a  great  and  influential  resistance.  It  has  been  the 
business  of  the  Bulletin  of  that  Association  to  disseminate  protectionist 
literature,  and  to  supply  arguments  and  facts  for  protectionist  speakers, 
throughout  the  whole  of  the  United  States.  Other  organisations,  less 
directly  connected  with  iron  and  steel,  support  the  same  platform,  and 
in  their  several  ways  exercise  considerable  influence  in  keeping  the 
community  well  grounded  in  the  protectionist  faith. 
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The  conditions  under  which,  and  the  range  Avithin  whidi,  the 
American  tariff  of  to-day  is  permitted  to  operate,  are  very  difTenent 
from  those  of  twenty,  or  even  of  ten  years  ago.  Up  to  1890,  the 
United  States  had  to  depend,  more  or  less,  upon  this  country  for  a  large 
part  of  its  supplies  of  iron  and  steel.  Our  exports  thither  fluctuated 
very  greatly,  it  is  true,  but  the  average  over  a  period  of  twenty  years 
exceeded  400,000  tons  a  year,  and  the  American  demand  was,  to  a 
large  extent,  the  regulating  factor  of  our  export  trade.  This  led  the 
free  trade  party  in  the  United  States  to  assume  that  the  American 
people  were  paying  for  their  supplies  of  iron  and  steel  generally  at 
least  as  much  as  the  amount  of  the  import  duties  in  excess  of  what 
they  would  have  had  to  pay  under  a  system  of  free  imports.  The 
inference,  of  course,  was  that  a  free  trade  system  would  have  admitted 
the  products  of  other  countries,  directly  prices  exceeded  those  quoted 
in  Europe,  plus  Atlantic  freight  rates.  The  remarkable  fall  of  prices 
that  took  place  about  1 894  has  put  a  new  complexion  on  this  aspect 
of  the  tariff.  Prices  are  no  longer  systematically  higher  in  the  United 
States  than  in  Europe,  and,  in  any  case,  Europe  could  not  to-day 
adequately  sui:)ply  the  wants  of  the  United  States  in  addition  to  their 
own,  even  if  free  trade  left  American  markets  at  the  feet  of  European 
manufacturers.* 

It  is  no  part  of  the  business  of  this  Report  to  record  a  general 
history  of  the  tariffs  of  the  United  States.  It  may,  however,  be 
pointed  out  briefl}-  that  of  the  total  imports  of  foreign  merchandise 
into  that  country,  the  lowest  i^ercentage  that  was  admitted  free  of  duty, 
since  1863,  was  26  i^cr  cent,  in  1874,  and  the  highest  was  59  per  cent 
in  1894,  so  that,  at  the  later  period  the  quantity  admitted  free  of  duty 
was  considerably  more  than  double  that  so  admitted  at  the  earlier. 
In  the  year  1899,  the  average  ad  vaL  rates  of  duty  on  the  articles 
subject  to  duty  was  5021  per  cent.,  and  the  average  adval.  rate  of  duty 
on  both  free  and  dutiable  articles  was  29*48  per  cent. 

It  is  noticeable  that  over  the   same  period  the  duty  collected  per 

capita  has  been  as  much  as  4*43  dols.  in  a  single  year,  and  as  low  as 

I '90  dols.,  while  over  the  same  period  the  average  value  of  the  imports 

per  capita  has  varied  from  a  maximum  of  15*91  dols.  to  a  minimum  of 

7*89  dols. 

2.— The  Present  Situation  and  Outlook. 

It  is  perhaps  hardly  in  the  nature  of  things  that  American  and 
British  manufacturers  should  take  the  same  views  as  to  tariff  legis- 
lation. It  is  natural  that  the  American  should  think  and  speak  well 
of  a  system  under  which — if  not,  as  he  generally  believes,  also  by  which — 
he  has  been  enabled  to  enjoy  great  prosperity,  and  to  establish  a  lai^ 
measure  of  control,  not  only  over  his  own  markets,  but  also  over  those 
of  the  rest  of  the  world.  C)n  the  other  hand,  the  Englishman  has,  for 
two  generations  at  least,  been  taught  to  regard  free  trade  as  the  only 
.System   suited  to  the  special  circumstances  of  his  country,  and  under 

^  •  This  olxservation  is  founded  (in  the  fact  that  in  the  last  two  years  the  cunsumption  of  the 
United  States  has  l)een  nearly  16,000,000  tons  of  pig-iron  annually,  which  is  equal  to  two-thirdft 
of  the  total  European  output. 
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free  trade,  if  not  in  consequence  of  its  adoption,  British  influence, 
wealth,  population,  and  prosperity  have  greatly  advanced  in  the  last 
half-century. 

This  distinction  appears  to  be  necessary  because  there  is  a  tendency 
on  the  part  of  both  Americans  and  Englishmen  to  regard  their  own 
economic  system  as  the  only  one  founded  on  reason  and  sound  results. 
It  is  natural  that  each  should  criticise  the  other's  system  with  a 
pronounced  leaning  towards  his  own,  and  if  1  have  seemed  in  doing  this  to 
have  strained  a  point  against  protection  I  hope  that  my  American 
friends  will  not  think  I  have  done  so  consciously  or  unfairly. 

3. — The  Reciprocity  Movement. 

The  future  trade  relations  of  Great  Britain  and  the  United  States 
may  be,  and  some  are  sanguine  enough  to  believe  will  be,  affected 
by  the  extent  to  which  the  latter  country  pursues  the  system  of 
reciprocity,  of  which  a  number  of  leading  economists  and  manu- 
facturers arc  declared  adherents.  But  I  do  not  find  a  great  deal  of 
sanction  for  this  belief  It  is  true  that  the  recent  impasse  which  caused 
Russia  to  levy  differe.itial  duties  against  the  United  States,  has  pro- 
voked much  comment  and  not  a  little  adverse  criticism,*  but  so  recently 
as  December  last  the  National  Reciprocity  Convention  of  the  United 
States  recommended  to  Congress  the  maintenance  of  the  principle 
of  protection  for  the  home  market,  and  refused  to  sanction  reciprocity 
*'  except  where  it  can  be  done  without  injury  to  any  of  our  home 
interests  of  home  manufacturing,  commerce,  or  farming,"  which  appears 
to  mean  that  we  shall  see  no  reciprocity  **  worth  a  cent." 

The  last  public  address  of  the  late  President  McKinley  appears  to 
have  inspired  free  traders  with  the  idea  that  he  was  ready  to  recant  his 
protectionist  creed,  and  that,  had  he  lived,  he  would  have  urged 
reciprocity  on  a  large  scale.  It  is  worth  while  putting  this  remarkable 
and  much-debated  utterance  on  record.     It  was  as  under  :  — 

*'  By  sensible  trade  arrangements,  which  will  not  interrupt  our  home  production, 
we  shall  extend  the  outlets  for  our  increasing  surplus.  A  system  which  provides  a 
mutual  exchange  of  commodities  is  manifestly  essential  to  tlie  healthful  growth  of  our 
export  trade.  We  must  not  repose  in  fancied  security  that  we  can  forever  sell 
everything  and  buy  little  or  nothing.  If  such  a  thing  were  possible,  it  would  not 
be  best  for  us  or  for  those  with  whom  we  deal.  We  should  take  from  our  customers 
such  of  their  products  as  we  can  use  without  harm  to  our  industries  and  labour. 
Reciprocity  is  the  natural  outgrowth  of  our  wonderful  industrial  development  under 
the  domestic  policy  now  firmly  established.  What  we  produce  beyond  our  domestic 
consumption  must  have  a  vent  abroad.  The  excess  must  l)e  relieved  through  a 
foreign  outlet,  and  we  should  sell  wherever  we  can,  and  buy  wherever  the  l)uying  will 
enlarge  our  sales  and  productions,  and  thereby  make  a  greater  demand  for  home 
abour. 

"  The  days  of  exclusiveness  are  past.  The  expansion  of  our  trade  and  commerce 
is  the  pressing  problem.  Commercial  wars  are  unprofitable.  Our  policy  of  goodwill 
and  friendly  trade  relations  will  prevent  reprisals.  Reciprocity  treaties  are  in 
harmony  with  the  spirit  of  the  times.  Measures  of  retaliation  are  not.  If,  perchance, 
some  of  our  tariffs  are  no  longer  needed  for  revenue,  or  to  encourage  and  protect  our 
industries  at  home,  why  should  they  not  be  employed  to  extend  and  promote  our 

*  In  the  early  part  of  1901,  the  United  Slates  Treasury  Departnieni  issueil  an  onler 
affecting  Russian  sugar,  on  the  ground  that  Russia  pays  an  export  Ixiunty,  and  Russia 
retal'ated  by  imposing  additional  duties  on  certain  descriptions  of  American  ir<»n  and  steel,  etc. 
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markets  abroad  ?    Then,  too,  we  have  inadecjuate  steamship  service.    New  lines  &F- 
steamers  have  already  been  put  in  commission  between  the  Pacific  coast  ports  of 
the  United  States  and  those  on  the  western  coasts  of  Mexico  and  Central  America. 
These  should  be  followed  up  with  direct  steamship  lines  between  the  eastern  coast  of 
the  United  States  and  South  American  ports." 

On  the  other  hand,  there  appears  to  be  good  reason  for  believing 
that  President  Roosevelt  has  a  deep  sense  of  the  importance  of  making 
use  of  reciprocity,  where  it  can  be  used  with  effect,  for  the  purpose  of 
securing  advantages  for  American  trade,  and  that  he  is  the  more 
inclined  to.  this  policy  that  most  American  industries  arc  now  strong 
enough  to  take  care  of  themselves.  When  I  was  in  Washington  in 
1 901,  it  was  announced  that  '^  the  importance  of  the  early  ratification  of 
the  pending  treaties  and  the  negotiation  of  others  is  emphasised  by 
reports  which  are  now  reaching  the  State  Department  throi^h 
diplomatic  channels  concerning  the  negotiations  now  on  foot  between 
various  European  countries  looking  to  the  drafting  of  commercial  con- 
ventions to  take  the  place  of  those  which  expire  within  the  next  year  or 

two The  tariffs  and   certain   commercial   treaties  of  Germany, 

Austria  and  Italy  will  expire  in  1903,  and  arrangements  are  already 
being  made  looking  to  the  renewal  or  modification  of  many  of  thtse 
treaties.  It  is  anticipated  that  during  the  next  twelve  months  all  the 
necessary  negotiations  will  be  completed,  and  the  AdministratioQ  feeb 
that  unless  the  interests  of  American  manufactures  are  provided  for  fay 
favourable  reciprocal  trade  arrangements  within  that  length  of  time  we 
(the  United  States)  shall  find  our  foreign  markets  greatly  restricted." 

4.— The  Free  Trade  Movement  in  the  United  States. 

My  old  friend,  Mr.  Abram  S.  Hewitt  (with  whom  I  have  had  the 
advantage  of  several  discussions  on  this  subject,  and  whom  I  was 
pleased,  in  October  last,  to  meet  in  New  York,  wearing  lightly  his 
eighty  years  of  busy  and  useful  life),  in  the  House  of  Representatives, 
in  1882,  as  the  honoured  member  for  that  city,  made  a  speech  which 
was  almost  prophetic  on  the  subject  of  American  protection  versus  free 
trade.  He  declared  that  the  transition  in  the  United  States  from 
protection  to  free  trade  "  may  be  made  gradually  and  naturally, 
but  if  we  continue  to  dam  up  the  stream  of  progress  it  may  come 
accompanied  by  a  convulsion  that  will  shatter  the  very  framework  of 
our  society  ;  and,"  he  added,  **the  primacy  of  industry  will  be  transferred 
from  the  old  world  to  the  new,  and  this  without  impairing  our  ability  to 
pay  the  higher  rate  of  wages  due  to  cheaper  food,  lower  taxes,  and 
greater  personal  intelligence  in  work." 

No  one  who  has  given  attention  to  the  issues  of  tariff  controversy 
can  fail  to  be  struck  with  the  many  fallacies  that  have  been  permitted  to 
obscure  and  pervert  the  fundamental  facts  of  the  subject,  both  in 
Europe  and  in  America.  A  writer  of  some  repute  stated,  in  1 878,  that 
**so  long  as  the  United  States  adhere  to  a  strictly  protectionist  tariff  we 
(in  England)  are  safe."  Is  this  really  so  to-day?  He  added  that  "we 
are  not  likely  to  be  superseded  in  an  open  market,  so  long  as  American 
industry  is  shackled  by  protection  so  effectually  as  it  is  now !  "*    Again, 

♦  Jamej.  Henderson  in  ihe  Contetfifwrary  A'rT'/>w,  Octolier,  1878. 


THE  TARIFF  SYSTEM   OF   THE   UNITED  STATES.  287 

in  1890,  Lord  Playfair,  who  enjoyed  a  considerable  reputation  as  an 
economist,  declared  that  "  the  party  of  protection  is  not  yet  destroyed, 
but  it  will  fight  in  future  with  furled  flags,  while  the  Democrats  wil! 
consolidate  their  party  upon  the  foundation  of  a  tariff  for  revenue  and 
not  for  protection  !  '**  In  the  twelve  years'  interval  that  has  since 
elapsed,  the  free  traders  of  America  can  hardly  be  said  to  have  had 
much  of  an  innings. 

There  has,  however,  always  been  an  influential  party  in  the  United 
States  in  favour  of  free  trade.  It  cannot  truthfully  be  said  that  the 
party  has  been  a  relatively  large  one.  Nevertheless,  it  has  kept  alive 
the  belief  in,  and  the  advocacy  of,  the  principles  on  which  free  trade  is 
founded.  That  party  is  probably  as  much  in  evidence  to-day  as  it  ever 
has  been,  to  judge  from  the  testimony  made  by  its  representatives  before 
the  Industrial  Commission  now  sitting. 

The  free  trade  party  has  recently  received  an  accession  of  strength 
from  the  action  of  New  England  manufacturers,  who  complain  of  the 
fact  that  they  are  placed  at  a  disadvantage  by  the  present  duties  on  pig- 
iron,  billets,  etc.,  which  are  the  raw  materials  of  their  industries. 

One  of  the  largest  manufacturing  concerns  in  Bridgeport,  Conn.,  sent 
to  the  Press,  in  May,  1901,  a  communication  which  pointed  out  that 
the  manufacturing  associations  in  the  various  cities  along  the  Atlantic 
seaboard  and  Canadian  border,  and  especially  in  New  England,  were 
complaining  of  their  handicap  in  the  cost  of  raw  material,  such  as 
coal,  coke,  iron  ore,  pig-iron,  steel  ingots,  and  billets,  and  had  expressed 
their  desire  to  have  these  commodities  placed  by  Congress  immediately 
upon  the  free  list.  "  They  believe  that  as  these  materials  are  produced 
cheaper  in  this  country  than  in  any  other  portion  of  the  world,  and  are 
sold  abroad  at  lower  prices  than  along  the  seaboard  and  Canadian 
border,  the  industries  which  produce  them  are  no  longer  infant,  and  do- 
not  need  protection.  They  believe  that  protection,  so  called,  is  but 
another  term  for  Government  assistance  to  monopolies  and  trusts.  This, 
position  the  Government,  as  it  now  exists,  can  ill  afford  to  assume,  nor 
can  it  allow  the  people  to  feel  that  it  is  drifting  into  such  a  position, 
where  it  is  working  hand  in  hand  with  gigantic  trusts  ;  for  when  the 
people  realise  this  to  be  the  condition  of  affairs  they  will  undoubtedly 
arise  in  their  might,  and  by  their  votes  change  the  conditions  and  the 
Government  which  permits  such  conditions. 

"  It  is  reasoned  by  the  various  manufacturers  that  as  industries  cease 
to  be  in  a  position  where,  with  the  cheaper  labour,  European  manu- 
facturers can  threaten  them,  protecting  duties  should  be  removed  on  the 
score  that  they  are  no  longer  infant  industries  which  need  nursing. 

"  In  this  way  the  many  manufacturing  interests  using  coal  and  coke 
and  iron  and  steel,  both  cast  and  wrought,  will  be  assisted,  especially  in 
this  district,  which  has  indirectly  been  taxed  for  the  benefit  of  a  certain 
district  around  Pittsburg,  and  the  stock  market  depending  upon  those 
interests,  in  doing  a  profitable  business  in  this  country  and  abroad." 

5.— Collateral  Phases  of  the  Tariff  Question. 

Militant  Aspects. — In   considering  the  tariff  of   the  United  States 

♦  Address  on  *' The  Tariffs  of  the  United  Stales,"  I.cetls  Nov.  13,  1890. 
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from  the  point  of  view  of  its  influence  on  British  industry,  we  cannot 
ignore  the  possible  example  that  it  has  set  to  other  nations,  and  which 
in  the  future  it  may  conceivably  offer  to  our  own.  We  need  not  discuss 
this  point  at  any  length.  It  would  be  unsatisfactory  to  attempt  to 
discuss  it  from  a  purely  controversial  standpoint.  But  it  is  at  least 
permissible  to  point  out  that  not  a  few  leading  manufacturers  have 
expressed  dissatisfaction  with  a  condition  of  things  that  enabled  other 
countries  to  enter  British  markets  without  let  or  hindrance,  while 
excluding  us  from  their  own,  and  under  which  Britain  is  steadily 
increasing  her  imports  of  foreign  manufactured  goods,  while  leading 
statesmen  have  pointed  out  that  this  country,  having  by  its  economic 
policy  given  a  practical  sanction  to  this  system  of  unrestricted  imports^ 
has  no  equivalent  to  offer  in  commercial  negotiations  with  other 
nations.* 

TAe  British  Point  of  View, — From  the  British  point  of  view,  the 
main  interest  in,  and  the  chief  effect  of,  the  United  States  tariff  take 
two  forms — that  of  excluding  our  products  from  the  markets  of  that 
country,  and  that  of  underselling  us  in  our  own.  As  regards  the  former, 
the  fact  is  so  well  known  that  I  need  not  pile  up  figures  to  prove  it 
Suffice  it  to  say  that  our  total  iron  and  steel  exports  to  the  United 
.States  are  now  only  about  one-fifth  of  what  they  were  ten  years  ago, 
although,  even  now,  the  tariff  does  not  entirely  shut  out  European 
iron  and  steel,  seeing  that  pig-iron  and  billets  are  being  imported  from 
Europe  while  I  write.  As  regards  the  latter,  I  should  recommend! 
those  wh©  are  interested  in  following  the  subject  further  to  read 
the  evidence  given  in  May  last  before  the  Industrial  Commission 
now  sitting  in  the  United  States,  and  especially  that  tendered  by  my 
old  friend,  Mr.  Edward  Atkinson,  of  Boston,  the  "  Adam  Smith  of  the 
United  States";  by  Mr.  Byron  N.  Holt,  secretary  of  the  Tariff 
Reform  Committee  of  the  American  Reform  Club  ;  and  by  Mr.  H.  W. 
Lamb,  president  of  the  New  I^ngland  Free  Trade  League,  on  the 
•extent  to  which  American  manufacturers  have  had  to  quote  lower 
prices  than  those  quoted  to  home  consumers,  in  order  to  secure 
foreign  trade,  and  on  the  influence  of  the  tariff  generally.  Mr.  Holt 
declared,  as  regards  tinplates,  that  "  as  the  trust,  for  at  least  a  part  of 
the  year,  was  supplying  plates  for  export  at  about  a  dollar  a  box  below 
the  quoted  prices,  it  certainly  did  not  need  more  than  a  duty  of 
half  a  cent  per  lb.  to  protect  it  from  foreign  competition."  And  again, 
•*Mate  in  1889,  when  wire  nails  were  being  sold  at  from  3*10  dols.  to 
3*53  dols.  per  keg  to  Americans,  large  quantities  were  being  exported 
.at  from  2*14  dols.  to  2*20  dols. "  ;  and  finally,  **  when  barbed  wire  .was 
being  sold  to  .Americans  at  ^6^  dols.  to  413  dols.  per  100  lbs,,  it 
was  being  sold  to  Canadians  for  3*25  dols.,  and  to  more  remote 
foreigners  at  220  dols.  per  100  lbs."  From  this  it  would  appear 
that  between  the  highest  price  for  wire  nails  quoted  to  Americans 
and  the  lowest  contemporaneous  price  quoted  to  foreigners  there  was 
a  difference  of  about  60  per  cent.,  and  in  the  similar  case  of  barbed 
wire  there  was  a  difference  of  about  90  per  cent,  against  the  home 
<:f>nsumer.    These  differences  were  made  possible  by  the  tariff. 

*  Lord   Salisbury   himself,   in  his  speech  at  the  Mansion  House,  in    1890,  hinted  tK«^ 
England  might  possibly  be  forced  into  a  policy  of  retaliat  on  against  otter  countries. 
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But  the  testimony  did  not  end  here.  It  was  further  stated 
before  the  same  Commission  that  "perhaps  at  no  time  (in  1899)  was 
the  export  price  within  50  per  cent,  per  100  lbs.  of  the  American 
price " ;  that  "  the  average  difference  probably  considerably  exceeded 
half  a  cent  per  lb.  the  minimum  duty  on  wire  nails "  ;  that  "  it  is 
probable  that  the  average  price  of  rails  exported  was  considerably 
more  than  5  dols.  per  ton  below  the  home  market  price — our  steel  rail 
tariff  bill  is  therefore  about  10,000,000  dols.  a  year"  ;  that  "plain  wire 
is  quoted  to  the  Canadian  dealer  1 1  dols.  per  ton  lower  than  to 
the  home  dealer.  It  is,"  adds  this  witness,  "  reasonable  to  suppose 
that  one-half  of  the  108,000,000  dols.  profit  made  by  the  constituted 
companies  of  the  Steel  Corporation  in  1900  were  tariff  profits,, 
absolutely  unnecessary  to  protect  any  of  these  industries.  In  fact, 
it  is  certain  that,  if  prices  had  been  lower,  consumption  would  have 
been  greater." 

I  may  here  point  out  that  while  Great  Britain,  according  to  the 
oflficial  records  of  the  United  States,  took  from  that  country  an 
average  of  more  than  500,000,000  dollars'  worth  of  merchan- 
■dise  during  the  last  four  years,  the  average  imports  of  British 
produce  into  the  United  States  have  not  exceeded  one-third  of 
that  figure,  while  of  that  one-third  from  one-half  to  two-thirds  are 
subject  to  more  or  less  prohibitoiy  duties.  This  is  not  a  trade 
relationship  which  the  people  of  this  country  can  regard  with  perfect 
•equanimity.  Americans  can  hardly  be  surprised  if  in  Great  Britain 
there  is  an  increasingly  strong  impression  that  in  matters  of  commerce 
our  American  friends,  like  the  Dutch  described  by  Hudibras,  have  a 
habit  of  "  giving  too  little,  and  asking  too  much." 

Effect  of  the  Tariff  on  Prices. 

The  Americans  generally  dispute  the  argument  that  a  tariff"  for 
protection  tends  to  keep  up  prices  to  the  home  consumer,  and  in 
support  of  their  attitude  on  this  subject  they  point  to  the  fact  that 
the  prices  of  coal,  iron,  steel,  and  other  commodities  are,  and  have 
been,  materially  lower  in  the  United  States  than  in  Great  Britain. 
This  view  opens  up  questions  of  vast  range,  which  it  would  take 
much  space  to  handle.  The  other  side  of  the  argument  obviously 
is  that  prices  of  commodities  in  the  United  States  have  declined, 
not  because,  but  in  spite  of,  the  tariff*,  and  it  needs  no  argument 
to  prove  that  if  there  had  been  no  tariff"  in  the  year  1901, 
when  American  prices  of  iron  and  steel  were  generally  20s.  to 
40s.  per  ton  higher  than  in  Europe,  the  imports  into  that  country 
from  Germany  and  Great  Britain  would  clearly  have  tended  to 
reduce  prices  to  American  consumers.  Even  now,  therefore,  the 
tariff*  continues  to  influence  home  prices  in  the  United  States. 

At  the  same  time,  it  is  by  no  means  clear  that  a  high  tariff 
•does  necessarily  involve  a  high  range  of  prices  in  the  protected 
country,  and  in  the  United  States  within  the  last  few  years  prices 
Tiave  touched  a  very  low  level,  in  spite  of  the  tariff*.  Take,  as  a 
case  in  point,  the  statistics  of  steel  rails.  When  the  steel  rail 
industry  was  begun  in  the  United  States  in  1867,  the  rate  of  duty 
on  imports  was  45  per  cent,  ad  val.     This   rate   was   continued  until 
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rS/i,  when  it  was  made  a  specific  duty  of  28  dols.  per  ton,  which 
was  reduced  to  17  dols.  per  ton  in  1883,  to  13  dols.  44  cents  in 
1890,  and  to  7  dols.  84  cents  in  1894,  at  which  figure  it  has  since 
been  maintained.  In  spite  of  these  duties,  however,  the  average  price 
of  steel  rails  in  the  United  States  fell  from  28  dols.  in  1897  to 
17  dols.  62  cents  in  1898,  and  in  the  latter  year  the  average 
American  price  was  probably  under  the  average  of  any  other  country. 

Effect  of  the  Tariff  on  Individual  Concerns. 

Many  hold  that  the  tariff  has  mainly  been  responsible  for  the 
great  fortunes  made  by  the  typical  millionaire,  and  the  case 
of  Mr.  Andrew  Carnegie  is  often  quoted  as  a  conclusive  proof  of 
this  theory.  I  should  not  have  dealt  with  an  individual  example 
in  this  connection,  but  for  the  fact  that  it  stands  out  so  prominently 
in  the  recent  history  of  the  American  iron  trade  as  to  make  it 
almost  impossible  to  ignore  it  in.  the  consideration  of  this  phase  of 
the  question.  Moreover,  I  have  had  the  privilege,  on  more  than 
one  occasion,  of  comparing  notes  with  Mr.  Carnegie,  and  of  knowing 
something  more  of  the  facts  than  "  the  man  in  the  street " ;  and 
while  I  would  not,  of  course,  make  use  of  any  of  the  facts  and 
figures  brought  to  my  knowledge  in  this  way,  I  am  quite  at 
liberty  to  deal  with  facts  that  are  common  property  in  the  light 
of  the  aspects  thus  presented. 

Everyone  who  makes  any  pretensions  to  a  knowledge  of  the 
recent  history  of  the  American  iron  and  steel  industries  must  be 
fully  aware  that  during  one  of  the  most  critical  periods  in  its 
career  the  operations  of  manufacturing  firms,  and  not  the  least  so 
those  engaged  in  the  steel  rail  industry,  were  not  uniformly  successful. 
In  the  years  1896-98,  the  principal  firms  concerned  in  the  American 
rail  industry  were  the  Carnegie  Steel  Company  and  the  Illinois 
Steel  Company,  afterwards  merged  in  the  Federal  Steel  Company. 
But  it  is  a  well-known  fact  that  over  a  large  part  of  this  period 
the  Illinois  Company  failed  to  make  profits,  while  the  Carnegie  Steel 
Company  did  remarkably  wclL  The  difTerence  of  results  is  mainly,  if 
not  wholly,  due  to  differences  in  location,  resources,  and  administra- 
tion ;  and  it  is  hardly  likely  to  be  claimed  that  the  tariff  was 
the  cause  of  those  differences,  since  its  influence  equally  affected 
both.  No  doubt  in  the  earlier  history  of  the  rail  trade,  profits 
were  large,  but  on  a  relatively  small  product,  for  in  1875,  when 
the  Carnegie  Company  started,  the  total  American  production  of  steel 
rails  was   only   259,000  tons. 

Trusts  and  tlie  Tariff. 

In  America  the  question  has  many  times  been  raised  of  late  whether 
there  is  not  a  large  degree  of  inter-dependence  between  industrial 
combinations  and  tariff  duties.  On  this  subject  the  United  States 
Industrial  Commission  recently  reported  : — 

"Protective  tariffs  do  not  seem  to  have  been  of  special  significance  in  the 
formation  of  industrial  combinations  in  Europe,  although  in  many  cases  the 
combination  has  been  enabled  to  take  advantage  of  the  protective  tariff  in  the 
way  of  securing  higher  prices.  In  frcc-tnide  England  the  combination  movement 
seems  to  have  developed  considerably  further  than  in  protectionist  France ;  but^ 
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on  the  other  hand,  the  movement  towards  combination  has  gone  much  further 
in  extent  in  Austria  and  Germany,  both  protectionist  countries,  than  in  England, 
although  in  England  the  form  of  combination  is  generally  more  complete.  Dr. 
Lieftnann,  in  an  article  on  combinations  in  England,  expresses  the  opinion  that 
the  chief  reason  for  the  lesser  development  of  monopolistic  combmations  in 
England  and  the  continuance  of  severe  competition  in  branches  of  industry  in 
which  in  Gennany  there  have  existed  for  a  long  time  very  rigid  combinations — 
for  example,  the  coal  industry-— ascribes  the  cause  rather  to  the  principle  of 
extreme  individualism  in  England,  which  has  a  much  finner  hold  on  business 
men,  in  his  judgment,  than  m  Germany ;  and  this  appears,  on  the  whole,  to  \ye 
the  right  conception. 

'*C>n  the  other  hand,  there  can  be  no  doubt  that  the  combinations  at  times 
nnake  use  of  the  tariff.  In  France,  Germany,  and  Austria  the  tariffs  seem  in 
general  to  have  been  levied  with  the  idea  of  furnishing  a  sufficient  protection 
against  foreign  competition  without  placing  them  much  higher  than  was 
necessary  to  cover  the  normal  difference  in  cost  of  production.  The  Govern- 
ments seem  inclined  to  stand  firmly  by  their  protective  policy,  and  there  seems 
to   be  no  ver>*  active  propaganda  hostile  to  it." 

Rebates  and  Drawbacks. 

In  a  number  of  Continental  countries,  tariff  laws  are  got  behind 
by  rebates  and  drawbacks,  which,  however,  are  probably  less  common 
in  the  United  States  than  in  some  European  countries,  and  which, 
speaking  generally,  the  Americans  do  not  seem  to  love,  as  applied 
to  their  own  country.  Mr.  John  H.  Converse  informed  the  Industrial 
Commission  in  1901  that  in  cultivating  the  foreign  market  for 
locomotives  some  very  high  tariffs  arc  encountered  by  the  Baldwin 
Company.  In  Russia,  for  example,  the  duty  on  a  locomotive  is  4 
cents  a  pound,  and  is  fully  effective  of  its  purpose  to  protect  Russian 
manufacturers.  In  dealing  with  the  Russian  Government,  however, 
his  company,  who  in  four  or  five  years  had  supplied  about  150 
locomotives  for  the  Trans-Siberian  Railroad,  did  not  encounter  the 
tariff,  as  their  contracts  provided  for  deliver}-  on  board  steamer 
at  a  Russian  port.  In  the  majority  of  foreign  countries  the  railway 
system  is  largely  (lovernmcntal,  and  the  tariff  question  is  thus 
eliminated  from  the  transaction.  At  the  present  time,  he  said,  it 
was  not  necessary  to  import  material  for  locomotives  constructed  for 
American  railways,  but  locomotives  for  export  contracts  sometimes 
called  for  certain  appliances  or  parts  of  foreign  manufacture.  Such 
|>arts  are  imported,  and  the  duty  paid  thereon  is  rebated  in  the  form 
of  drawback  when  the  finished  locomotive  is  exported. 

The  provisions  made  under  the  United  States  tariff  for  rebates  and 
drawbacks  are  not  remarkable  so  far  as  iron  and  steel  arc  concerned. 
In  the  case  of  tinplates  drawbacks  are  allowed  on  re-exports  for  certain 
purposes,  but  the  elaborate  French  system  of  aqnits  a  caution  has  no 
counterpart  on  the  other  side  of  the  Atlantic. 
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CHAPTER   XXIi; 

Associations  of  Employers  in  tiie  United  States. 


The  American  Iron  and  Steel  Association. 

Foremost  among  the  employers*  associations  of  the  United  States 
stands  the  American  Iron  and  Steel  Association,  with  its  head* 
quarters  in  Philadelphia^  and  Mr.  James  M.  Swank  as  its  secretary 
and  general  manager.  The  association  has  been  carried  on  for  well 
on  to  half  a  century,  and  during  more  than  half  of  that  period  it 
has  been  a  most  influential  expression  of  the  will  of  the  people  of 
the  United  States  with  regard  to  questions  of  tariff.  It  has  also, 
with  rare  efficiency,  collected  and  circulated  the  statistics  of  the  pro- 
duction and  distribution  of  iron  and  steel  in  that  country,  in  the 
form  of  a  valuable  annual  report,  which  corresponds  in  some 
respects  with  the  annual  statistical  reports  of  the  British  Iron  Trade 
Association,  and  it  does  a  variety  of  other  useful  work. 

In  the  original  constitution  adopted  the  first  article  was  as 
under : — 

"The  general  objects  of  this  association  shall  be  to  procure 
regularly  the  statistics  of  the  trade  both  at  home  and  abroad  ;  to 
provide  for  the  mutual  interchange  of  information  and  experience, 
both  scientific  and  practical;  to  collect  and  preserve  all  works 
relating  to  iron  and  steel,  .  .  .  and,  generally,  to  take  all  proper 
measures  for  advancing  the  interests  of  the  trade  in  all  its  branches." 

The  original  association  was  reorganised  in  1864  and  its  name 
enlarged  to  the  American  Iron  and  Steel  Association.  A  constitu- 
tion was  adopted,  the  first  article  of  which  was  a  verbatim  copy  of 
that  of  the  American  Iron  Association  above  quoted. 

From  1864  to  1900,  a  period  of  thirty-five  years,  the  association 
has  had  only  four  presidents,  and  during  the  same  period  the  Hon. 
Abram  S.  Hewitt  has  continuously  served  as  one  of  its  vice- 
presidents.  Another  vice-president,  Mr.  Wharton,  has  served  since 
1875,  Still  another  vice-president,  William  Metcalf,  has  served  since 
1884.  In  the  same  period  of  thirty-five  years  the  association  has  had 
only  four  secretaries,  its  present  secretary,  who  has  also  been  general 
manager  since    1885,    having  entered    upon  his   duties   in    1873. 

National  Metal  Trades  Association. 

The  increasing  aggressiveness  of  trade  unions,  and  the  difficulties 
that  had  been  found  in  a  number  of  cases  in  dealing  singly  with 
labour,  led  last  year  to  an  organisation  of  iron,  steel  and  machinery 
manufacturers,  which  is  one  of  the  most  important  and  influential 
hitherto  established  in  the  United  States. 

At  a  meeting  of  manufacturers  of  machinery  and  others  con- 
cerned in  the  metal  trades  of  the  United  States,  in  June  of  1901, 
the  following  declaration  of  the  basis  on  which  machine  shop  pro- 
prietors will  operate  their  plants  was  adopted  : — 

**We,   the  members  of  the    National    Metal    Trades    Association. 
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declare  the  following  to  be  our  principles,  which  shall  govern   us   in 
our  relations  with  our  employes : — 

"Since  we,  as  employers,  are  responsible  for  the  work  turned  out 
by  our  workmen,  we  must  therefore  have  full  discretion  to  designate 
the  men  we  consider  competent  to  perform  the  work  and  to  deter- 
mine the  conditions  under  which  that  work  shall  be  prosecuted. 
The  question  of  competency  of  the  men  being  determined  solely  by 
us,  and  while  disavowing  any  intention  to  interfere  with  the  proper 
functions  of  labour  organisations,  we  will  not  admit  of  any  inter- 
ference with  the  management  of  our  business. 

"Disapproving  absolutely  of  strikes  and  lock-outs,  the  members  of 
this  association  will  not  arbitrate  any  question  with  men  on  strike. 
Neither  will  this  association  countenance  a  lock-out  on  any  arbitrable 
question  unless  arbitration  has  failed. 

"  Employment. — No  discrimination  will  be  made  against  any  member 
of  any  society  or  organisation.  Every  workman  who  elects  to  work 
in  a  shop  will  be  required  to  work  peaceably  and  harmoniously  with 
all  his  fellow  employes. 

"  Apprentices,  helj^rs  and  handy  men. — The  number  of  apprentices, 
helpers  and  handy  men  to  be  employed  will  be  determined  solely  by 
the  employer. 

"Methods  and  wages. — We  will  not  permit  cmployt^s  to  place  any 
restriction  on  the  management,  methods  or  production  of  our  shops, 
and  will   require  a  fair  day's  work  for  a  fair  day's  pay. 

"  Employes  will  be  paid  by  the  hourly  rate,  by  premium  system, 
piece  work  or  contract,  as  the  employer  may  elect. 

"It  is  the  privilege  of  the  employe  to  leave  our  employ  whenever 
he  sees  fit,  and  it  is  the  privilege  of  the  emplo}'er  to  discharge  any 
workman  when  he  sees  fit. 

"  The  above  principles  being  absolutely  essential  to  the  successful 
conduct  of  our  business,  they  are  not  subject  to   arbitration. 

"  In  case  of  disagreement  concerning  matters  not  covered  by  the 
foregoing  declaration,  we  advise  our  members  to  meet  their  employes 
cither  individually  or  collectively,  and  endeavour  to  adjust  the 
difficulty  on  a  fair  and  equitable  basis.  In  case  of  inability  to  reach 
a  satisfactory  adjustment,  we  advise  that  they  submit  the  question 
to  arbitration  by  a  board  composed  of  six  persons,  three  to  be  chosen 
by  the  employe  or  employes.  In  order  to  receive  the  benefits  of 
arbitration  the  employe  or  employes  must  continue  in  the  service 
or  under  the  orders  of  the  employer,  pending  a  decision.  In  case 
any  member  refuses  to  comply  with  this  recommendation  he  shall 
be  denied  the  support  of  this  association  unless  it  shall  approve  the 
action  of  said  member. 

"Hours  and  wages. —  Hours  and  wages  being  governed  by  local 
conditions  .shall  be  arranged  by  the  local  associations  in  each 
district.  In  the  operation  of  piece  work,  j)rcmium  plans  or  contracts 
now  in  force  or  to  be  extended  or  established  in  the  future,  this 
association  will  not  countenance  an\'  conditions  of  waj^e  which  are 
not  just,  or  which  will  not  cillow  a  workman  of  average  efficiency 
to  earn  at  lea.st  a  fair  wage." 

After  the  statement   that   the   matter  of  wages  is   purely  a  local 
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and  not  a  national  issue  the  position  of  the  association  is  defined  as 
follows  :  "  We  declare  that  the  Machinists'  Union  has,  through  its 
national  and  local  officers,  broken  faith  with  us  and  proved  to  be 
an  irresponsible  body,  with  whom  we  can  make  no  contracts  that 
will  be  binding  upon  them. 

"We  recognise  the  right  of  any  man  to  belong  or  not  to  any 
religious,  political  or  economic  sect,  as  he  may  see  fit,  also  his  right 
to  leave  our  employment  at  his  free  will,  and  his  right  to  sell  his 
labour  at  the  best  price  he  can  command.  We  maintain  our 
inalienable  rights  to  employ  a  man  whether  he  belongs  or  not  to 
any  organisation  and  at  wages  mutually  satisfactory,  and  also,  to 
discharge  him  at  our  discretion.  We  insist  that  the  mans^ement 
of  a  shop  is  in  the  hands  of  the  employer  and  is  not  to  be  inter- 
fered with  by  the  employ^. 

"  Wc    insist    that  a   fair  day's   work    shall    be    given   for  a  (air 
day's   wage,    and   we    will   give   a   fair    day's  wage   for   a   fair  day's 
work. 

"We  believe  that  a  shortening  of  the  working  hours  or  an 
increase  of  wages  can  only  be  brought  about  by  the  hearty  .  co- 
operation of  employer  and  employd  in  advancing  and  not  in  retard- 
ing production  and  by  introducing  and  not  fighting  improved  methods. 

"We  decry  strikes  and  lock-outs  as  unbusinesslfke  and  .un- 
necessary and  believe  that  all  disagreements  can  be  adjusted  by 
other  means,  and  the  condition  of  employer  and  employ^  both 
benefited  more  by  harmonious  progress   than  by  strife  and  discord." 

The  attitude  assumed  by  American  employers  in  cases  of  dispute 
with  workmen  may  be  gathered  from  the  following  resolutions  adopted 
at  the  conference  between  the  National  Metal  Trades  Association  and 
the  International  Association  of  Machinists  in  1900: — 

"  Whereas:  In  the  joint  agreement  adopted  by  the  administrative 
council  of  the  National  Metal  Trades  Association  and  the  International 
Association  of  Machinists,  it  was  agreed  that  all  pending  disputes  and 
disputes  hereafter  to  arise  between  members  of  the  respective  organisa- 
tions— that  is,  between  an  employer  and  his  employe  or  employes — 
should  be  settled  by  arbitration  ;  and 

"  W/iereas :  It  was  further  agreed  that,  pending  such  arbitration,  no 
strike  or  lock-out  should  occur. 

"Z)V  //  resolved:  That  for  the  purpose  of  providing  means  by  which  the 
employer  or  employe  may  derive  the  benefits  of  this  agreement,  the 
following  methods  shall  be  pursued  : 

"When  a  dispute  shall  arise  between  an  employer  and  his  employ^  or 
employes,  every  reasonable  effort  shall  be  made  by  the  said  parties  to 
effect  a  satisfactory  adjustment  of  the  difficulty  ;  and  in  case  such  diffi- 
culty cannot  be  settled  between  the  employer  and  his  employe 
or  employes,  it  shall  be  referred,  on  the  part  of  the  member  of  the 
National  Metal  Trades  Association,  to  the  chairman  of  the  district  in 
which  he  is  located  ;  and  by  the  employe  or  employes  to  such  repre- 
sentative as  he  or  they  may  select,  who  shall  by  all  means  in  his  or  their 
power  endeavour  to  adjust  the  difficulty  to  the  satisfaction  of  both 
parties. 

"  Should  this  committee  fail  to  make  such  adjustment,  then  either 
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party  shall  have  the  right  to  ask  for  a  conference  between  the  presidents 
of  the  two  associations  or  their  representatives.  In  the  event  of  their 
being  unable  to  adjust  the  differences  satisfactorily,  then  it  shall  be 
referred  to  arbitration,  as  provided  in  the  agreement  of  May  i8th,  1900. 
The  findings  of  this  arbitration,  by  a  majority  vote,  shall  be  considered 
as  final  as  regards  the  case  at  issue. 

"Pending  adjudication  by  arbitration,  there  shall  be  no  cessation 
of  work  at  the  instance  of  either  party  to  the  dispute." 

The  clauses  in  the  rules  of  the  Metal  Trades  Association  with  regard 
to  disputes  are  founded  on  experience,  and  are  probably  worth  the 
attention  of  British  manufacturers.  The  first  act  is  to  request  the  work- 
men concerned  to  attend  before  the  District  Committee  in  order  that 
the  matter  at  issue  may  be  investigated.  If  the  workmen  refuse  to 
appear,  the  committee  is  to  dispose  of  the  case  by  a  majority  in  the 
usual  way.  The  parties  directly  concerned  are  not  allowed  to  act  on 
the  committee.  If  the  committee  do  not  succeed  in  bringing  about  a 
settlement,  they  may  proceed  to  defend  the  member  concerned  by  pro- 
curing men  to  work  for  him,  by  affording  compensation  for  loss  of  out- 
put, or  by  themselves  undertaking  to  manufacture  for  liim.  Members 
are  warned  against  taking  any  action  that  would  be  likely  to  lead  to  a 
strike  without  consultation  with  the  council  of  the  association,  and  no 
member  is  authorised  to  settle  a  question  involving  a  question  of  general 
interest  without  previous  submission  to  the  council. 

One  of  the  articles  provides  that  if  the  committee  determine  to  pro- 
tect the  member  concerned  by  supplying  him  with  men,  the  "other 
member-  of  the  association  shall  be  required  to  supply  such  member, 
and  to  keep  him  supplied  until  the  District  Committee  shall  declare  the 
trouble  ended,  with  competent  workmen  to  the  extent  of  70  per  cent, 
of  the  maximum  number  he  employed  according  to  his  last  report.  The 
proportion  to  be  supplied  by  each  member  shall  be  determined  by  the 
president  and  secretary  upon  the  ratio  that  the  number  employed  by 
him  bears  to  the  total  number  employed  by  the  whole  membership 
of  the  association.  If,  after  five  days,  it  shall  appear  to  any  member 
that  it  will  not  be  possible  for  him  to  supply  his  quota  of  men,  he  shall 
immediately  notify  the  administrative  council,  who  will,  in  case  of  such 
failure,  com|>ensate  the  aggrieved  member  as  provided  for  by  Section  2. 
Should  the  number  of  men  required  be  less  than  one  man  for  each  af 
the  members  of  this  association,  (jr  if  it  be  imp(jssible  to  otherwise 
formulate  an  equitable  requirement,  the  president  and  secretary  shall 
group  together  in  a  fair  and  reasonable  manner  certain  niembcrs, 
and  require  them  to  supply  the  man  or  men,  in  default  of  which 
they  shall  severally  pay  their  projxjrtionatc  assessments  for  man  or 
men  not  furnished. 

"  If  the  other  members  of  the  ass(>'ji;iti<ni  shall  not  supj>ly  the 
member  whose  men  have  struck  with  comjxrtent  workmen  t(;  the  extent 
of  70  per  cent  of  the  maximum  number  he  employed,  acconling  to  his 
last  report,  the  association  shall  compensate  such  member,  and  the 
administrative  council  shall  determine  the  amount  c>f  the  com|K;nsa- 
tion  which  shall  be  paid  to  the  member  out  of  the  reserve  fund  of  the 
association.  Such  comi>ensation  shall  in  no  case  excee<l  the  sum  of 
two  dollars  ($200)  per  man  per  day  for  ever>'  man  not  furnished  him 
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after  the  expiration  of  seven  days  from  the  date  of  the  committee's 
decision.  Such  compensation  shall  terminate  or  be  varied  at  the 
discretion  of  the  administrative  council." 

The  National  Founders'  Association. 

This,  like  the  Metal  Trades  Association,  is  an  organisation  chiefly 
called  into  existence  for  the  purpose  of  taking  collective  action  in 
reference  to  all  matters  of  mutual  interest  affecting  the  relations  of 
capital  and  labour.  It  is,  like  its  prototype,  founded  on  principles  that 
are  designed  to  secure  cordial  and  friendly  relations,  and  to  prevent  as  far 
as  possible  the  occurrence  of  disputes  between  employers  and  employed. 
The  membership  is  large  and  extends  over  the  whole  of  the  United 
States,  although  chiefly  concentrated  in  the  States  of  Pennsylvania, 
Ohio,  and  Illinois.  One  of  the  matters  brought  before  the  asso- 
ciation in  1 90 1  was  a  demand  by  the  iron  moulders  that  the  foundries 
of  Philadelphia  should  be  operated  under  the  rules  and  regulations  of 
the  Iron  Moulders'  Union — a  demand  which,  after  some  negotiation, 
was  withdrawn.  In  the  same  year  the  wages  of  skilled  moulders  in 
Philadelphia  were  fixed  at  2yi  cents  (2s.  i^d.)  per  hour,  or  16  dols. 
50  cents  (68s.  8d.)  per  week  of  60  hours.  Other  clauses  of  the  same 
agreement  provided  that  inferior  workmen  should  be  paid  less  wages  as 
agreed  upon,  but  at  the  same  rate  ;  that  double  time  be  paid  for  P'ourth 
of  July  and  Labour  Day,  Thanksgiving  Day,  and  Christmas,  that 
"arbitrary  limitations  of  output "  should  be  **  viewed  with  disfavour" 
and  opposed ;  and  as  regards  piece  work  the  following  important 
resolution  was  adopted  : — 

"It  is  agreed  that  nothing  in  the  foregoing  shall  be  construed  as  prohibiting 
piece  or  premium  work,  and  when  it  is  desired  on  the  part  of  the  foundr)'man  that 
his  work  shall  be  done  under  the  piece  work  or  premium  system,  it  is  agreed  that 
the  wages  of  the  moulder  shall  be  based  so  that  he  may  earn  a  wage  not  less  than 
if  working  by  the  day.  This  is  understood  as  applying  to  moulders  who  are  com- 
petent to  do  an  equal  amount  of  work  and  of  equal  quality  to  the  average  moulder 
m  the  foundry  in  which  he  is  employed. 

"  Where  the  foundry  man  and  moulder  cannot  agree  on  the  piece  price  for  a 
certain  piece  of  work,  the  foundrynian  is  to  have  the  work  done  by  the  day  for  a 
period  of  a  day  or  more,  according  to  the  nature  of  the  work,  in  order  to  establish 
a  fair  and  equitable  wage-rate  on  the   work  in  question. 

*'  It  is  further  agreed  that  nothing  in  this  agreement  shall  be  construed  as  pre- 
venting a  moulder  from  agreeing  with  his  employer  on  a  piece  price  as  soon  as  he 
is  given  a  pattern.*' 

Another  almost  equally  important  contract  is  made  in  the  following 
paragraph,  and  one  which  l^ritish  employers  would  sometimes  find  it 
to  their  interest  to  insist  upon  : — 

'*  There  being  in  some  foundries  a  grade  of  work  calling  for  less  skill  than  is 
required  by  the  ordinary  mouUler,  this  grade  of  work  being  limited  in  cjuantity,  it 
is  agreed  that  nothing  in  this  agreement  shall  be  construed  as  prohibiting  the 
foundrynian  from  employing  a  moulder  to  make  such  work  and  paying  for  Scime  at  a 
rate  that  may  be  mutually  agreed  upon  between  the  moulder  and  the  foundr>'man. 
It  is  understood  that  a  moulder  who  is  working  for  and  receiving  a  rate  of  wages  of 
twenty-seven  and  one-half  :  27  A)  cents  per  hour  or  over,  is  not  to  be  asked  or  exj)ecteil 
to  make  the  grade  of  work  referred  to  above  for  any  less  wage-rate  than  he  is 
regularly  entitled  to  under  this  agreement.  This  does  not  give  the  moulder  the 
right  to  refuse  to  make  the  work  if  it  is  oftcred  him  at  his  regular  wage-rate." 
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The  National  Founders'  Association  had  in  1901  a  membership  of 
400  firms,  who  claimed  to  represent  a  capital  of  300  million  dols.,  and 
to  employ  upwards  of  30,000  moulders,  while  the  Iron  Moulders'  Union 
of  North  America,  with  which  it  has  mainly  to  transact  its  business,. 
and  which  is  its  latx)ur  counterpart,  had  at  the  same  time  about  35,000 
members,  and  a  yearly  income  of  400,000  dols. 

A  recent  writer  on  manufacturers*  organisations  in  the  United 
States*  remarks  that  "they  have  broadened  the  members'  views  and 
made  them  tolerant  of  one  another.  Without  cultivating  the  slightest 
tendency  towards  trusts,  ....  these  associations  have  led  to  serious^ 
inquiries  into  shop  practices,  and  to  the  almost  total  extinction  of  every 
undesirable  condition.  They  have  in  a  large  degree  brought  about  a 
uniformity  of  action  along  well-considered  lines,  and  elevated  the  tone 
of  the  whole  industry.  The  Labour  Unions  have  shown  manu- 
facturers the  necessity  of  combining  for  protection,  and  some,  at  least,. 
of  the  Manufacturers'  Associations  have  shown  the  way  to  peace 
without  employing  drastic  measures,  and  without  dishonour  to  either 
side." 


*  H.  W.  Hoyt,  on  "  Manufacturers  Associations,  Labour  Or^nnisations,  and  Arbitration, 
in  the  Engineering  Magazine  for  May,   19CXX 


>* 


CHAPTER  XXIII. 

The  Profits  of  American  iron  and  Steel    Works. 


Qeneral  Considerations. 

The  amount  of  profit  which  can  be  made  in  any  particular  branch 
of  industry,  and  by  any  particular  person  or  firm  engaged  in  that 
branch  of  industry,  depends  on  a  variety  of  conditions  and  con- 
siderations that  are  never  in  any  two  cases  quite  the  same.  There 
is,  moreover,  such  a  wide  disparity  between  those  conditions  that  it 
is  practically  impossible  to  adopt  any  figure  that  will  fairly  represent 
an  average  of  them  at  any  particular  period.  This  latter  qualifica- 
tion  is  one  of  the  utmost  importance,  because  in  most  countries, 
and  in  the  United  States  more  than  in  most  others,  the  conditions  of 
one  period  are  very  far  from  repi-esenting  those  of  another.  The 
appreciation  of  the  value  of  raw  materials,  the  reduction  or  increase 
of  the  costs  of  transport,  the  conditions  and  the  costs  of  labour, 
the  opening  up  of  competitive  supplies,  and  many  other  fluctuations 
are  liable  to  create  differences  of  cost  which  react  upon  prices  and 
profits  within  a  wide  range. 

It  is  now  a  considerable  time  since  the  Carnegie  Steel  Company 
announced  as  their  future  policy  that  there  can  only  be  one  profit 
from  the  ore  to  the  finished  material.  It  is  a  curious  comment  on 
the  uncertainty  of  American  economics  that  the  head  of  this  great 
enterprise,  only  a  few  years  before,  had  declared  in  effect  that  the 
best  way  of  dealing  with  raw  materials  was  to  buy  them  in  the  open 
market,  and  that  it  was  not  his  business  to  embark  on  the  possession 
and  working  of  cither  iron  ore  mines  or  collieries.  Indeed,  it  was  not 
until  1890  that  Mr.  Carnegie  appears  to  have  so  far  altered  his  views 
on  this  matter  as  to  invite  Mr.  Frick,  who  controlled  great  coke 
properties  in  the  Conncllsville  region,  to  become  a  partner  in  his 
steel  business,  which  the  two  together  worked  up  to  such  a  point  of 
magnitude  and  importance  as  to  overshadow  everything  else  of  its  kind 
in  the  world,  and  ultimately  to  prove  the  basis  of  the  Steel  Corporation. 

The  profits  which  a  great  capitalistic  force  like  the  United  States 
Steel  Corporation  can  make  out  of  a  particular  branch  of  the  industry 
in  which  it  is  engaged  arc  not  usually  disclosed  to  the  outside  public. 
The  only  general  fact  made  public  is  the  amount  of  profit  earned  over 
the  whole  field  of  operations.  Of  course,  the  amount  of  profit  earned  in 
«ach  branch— in  the  mining  of  coal  and  iron  ore,  in  the  manufacture  of 
coke,  and  in  the  production  of  pig-iron  and  steel,  etc. — are  known  to  the 
directors,  but  they  arc  not  disclosed  in  detail.  The  practice  is  to  have 
•each  branch  and  department  so  regulated  that  it  has  to  pay  its  own 
way,  and  hence  no  one  department  is  permitted  to  lean  on  any  other. 

There  does  not  appear  to  have  yet  been  discovered  in  the  United 
States,  more  than  our  own  country,  any  rule,  law,  or  process  where- 
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by  profits  can  be  steadied  and  preserved  free  from  fluctuation.  This 
•can  only  be  done  with  partial  success  when  prices  of  commodities  can 
be  kept  at  a  more  or  less  uniform  level,  if  at  all.  Even  then  there  can- 
not be  uniformity  of  profits  unless  there  is  uniformity  in  all  the  con- 
•ditions  of  production — in  the  costs  of  raw  materials,  in  labour,  in  efficiency 
of  administration,  in  first  cost  of  plant,  and  in  a  hundred  other  things 
that  more  or  less  influence  the  final  result. 

Profit  Fluctuations  in  the  American  Iron  Trade. 

An  interesting  statement  of  price  and  profit  fluctuations  was  published 
some  time  ago  by  the  United  States  Industrial  Commission,  showing 
that  in  the  year  1901  the  profits  per  ton  in  making  American  Bessemer 
pig-iron  varied  between  9s.  3d.  and  23s.  gd.  per  ton  ;  that  the  profit  on 
^teel  billets  fluctuated  between  6d.  and  7s.  6d. ;  and  that  the  profits  on 
rails  varied  between  2s.  and  i8s.  per  ton.  In  this  connection  the  follow- 
ing table  presented  to  the  Commission  is  of  interest,  as  showing  average 
costs,  prices,  and  profits  for  Bessemer  pig  at  Pittsburg  from  1890  to 
1900: — 
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One  of  the  most  disturbing  influences  affecting  prices  and  profits  in 
the  United  States  has  been  the  fluctuations  in  the  cost  of  iron  ores.  The 
Industrial  Commission  published,  in  November  of  1901,  an  interesting 
table,  showing  the  prices  at  which  Lake  Angelinc  ores  were  sold  at 
lower  Lake  Erie  ports  during  the  twelve  years  ended  1901.  The 
lowest  price  over  that  j)criod  was  10s.,  in  1894,  and  the  highest  was  24s., 
in  1890.  This  is  a  difference  in  range  of  14s.,  or  140  per  cent.  It  is 
probable  that  the  difference  was  ahnost  entirely  profit  to  the  mine- 
owner,  inasmuch  as  the  elements  of  the  cost  of  production  would  not 
greatly  vary  in  the  two  periods,  although. transport  in  1894  would  be  a 
little  lower. 

In  the  year  1900  about  20  million  tons,  or  about  72  per  cent,  of  the 
whole  of  the  iron  ore  produced  in  the  United  States,  were  raised  in  the 
I^ke  Su[)erior  region,  and  of  that  quantity  about  41  per  cent,  was 
raised  in  the  cheap  mines  of  the  Mesaba  range,  so  that  about  30  per 
cent,  of  the  total  iron  ore  output  of  the  countr\*  was  Mesaba  ore.  There 
is  a  good  deal  of  importance  attached  to  the  question  how  far  the  use 
of  Mesaba  ore  can  be  carried  in  blast  furnace  practice.  These  (jres  are 
practically  dust,  and  generally  only  40  per  cent,  is  used  in  furnace 
mixture,  because  of  the  risk  otherwise  incurred  of  '*  hangs  "  and  e.xplo- 
sion.s.     It  does  not  appear  to  be  anticipated  that  this  proportion    of 
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Mesaba  ore  in  a  furnace  chaise  can  be  much  exceeded,  and  if  thia  be 
so  the  limit  of  their  use  would  appear  thereby  to  be  fixed.  Of  course^ 
the  concern  that  can  utilise  a  latter  percentage  of  this  cheaper  ore  is 
likely-  to  make  greater  profit  than  a  rival  that  has  to  limit  its  use. 

The' differences  that  are  liable  to  distinguish,  and  do  actually  dis* 
ting^ish,  the  concerns  that  have  their  own  supplies  of  minerals  from 
those  that  have  not,  are  illustrated  in  the  latest  report  issued  by  the 
Pennsylvania  Steel  Company.  This  concern  was  recently  being  re- 
organised, with  a  considerable  increase  of  capital,  when  it  was  stated 
that  if  the  new  capital  called  for  had  been  available,  and  invested  in 
properties  supplying  coke  and  ore,  the  total  savings  that  would  have 
resulted  over  the  prices  the  company  had  to  pay  in  the  open  market 
would  have  been  2,907,800  dols.  in  1900,  and  1,376,000  dols.  in  the 
following  year,  although  it  was  admitted  that  these  were  not  figures 
of  a  normal  or  average  character. 

Net  Earnings  and  their  Disposal. 

Many  examples  of  remarkable  profits,  as  well  as  notable  fluctuations 
of  profit,  might  be  quoted  as  illustrative  of  the  unstable  conditions 
under  which  the  iron  trade  of  the  United  States  has  hitherto  been 
carried  oii.  Let  one  case  suffice.  A  document  placed  in  my  hands 
purports  to  show  the  annual  dividends  paid  during  a  period  limited 
to  twenty-nine  years  by  the  Jefferson  Furnace  Company,  which,. 
so  far  as  I  know,  is  no  wise  exceptional  in  its  circumstances 
Over  this  period  there  were  paid  two  dividends  6f  200  per  cenL 
each,  eleven  others  of  over  100  per  cent.,  four  others  between  50  and 
100  per  cent,  and  during  five  years  the  dividends  were  nil.  The 
dividends  paid  over  the  whole  period  amounted  to  1,917  per  cent, 
on  the  capital,  being  an  average  of  66  per  cent,  per  annum ! 

A  general  idea  of  the  financial  basis  of  the  leading  works  of  the 
United  States  may  be  gathered  from  the  form  and  the  details  of  a 
typical  balance-sheet,  such  as  that  of  the  Republic  Iron  and  SteeV 
Company,  which,  for  the  year  ended  June  30th,  1901,  showed  a  total 
of  51,000,000  dols.  in  assets,  of  which  the  chief  items  are  : — 

l>ols. 

Real  estate,  plants,  and  machinery     41,093,724 

Raw  and  finished  materials     3,328,850 

New  construction 2,382,378 

Accounts  and  bills  receivable 2,527,209 

The  rest  was  made  up  of  stocks  in  other  companies,  new  gas 
pipe  lines,  cash  on  hand,  etc. 

On  the  side  of  liabilities  figure  the  following  items  : — 

Dols. 

Preferred  stock 20,306,900 

Common  stock      27,191,000 

Current  accounts  payable  1*685,350 

and  dividends,  reserves,  and  surplus.  The  fluctuations  to  which  concerns- 
of  this  kind  are  liable  are  notably  indicated  by  the  fact  that  the  net 
earnings  of  the  Republic  Company  fell  from  5,684,101  dols.  in  1900 
to  1,034,248  dols.  in  I90i,and  the  net  profits  from  3,643,729 dols.  in  1900 
to  309,099  dols.  in  1901.     This  means  that  in  1901,  which  was  generallsr 


THE  l»KOKITS  OF  AMERICAN    IKON   AND  STEEL  WORKS.  30r 

regarded  as  a  good  year,  the  Republic  Iron  and  Steel  Company  only 
earned  about  one-twelfth  of  the  net  profits  earned  in  the  previous 
year,  or  a  little  over  one-fifth  of  the  amount  needed  to  pay  the  7  per 
cent,  dividends  on  its  preferred  stock,  leaving  nothing  at  all  for  common 
stock.  Similarly,  this  liability  to  large  fluctuations  makes  it  difficult 
to  keep  up  the  necessary  efficiency  of  plants.  The  Republic  Company 
spent  in  1900  36  per  cent,  of  their  net  earnings  in  improvements,  etc., 
which  was  remarkable  enough,  but  in  the  following  year  they  spent 
70  per  cent,  of  their  net  earnings,  and  more  than  twice  the  amount  of 
their  net  profits,  under  the  same  head. 

Concealment  of  True  Profits. 

It  is  not  always  an  easy  matter  to  arrive  at  the  financial  results 
attending  the  manufacturing  or  mining  operations  of  large  firms  or 
companies.  When  the  profits  arc  exceptionally  great,  there  arc  often 
good  reasons  for  taking  as  much  care  as  possible  to  conceal  them. 
Questions  of  taxation,  rating,  labour  remuneration,  transportation 
-charges,  and  other  similar  matters  are  liable  to  be  adversely  affected 
by  a  disclosure  of  excessive  profits,  and  in  the  United  States  no 
argument  has  so  frequently  been  used  against  the  maintenance  of 
the  tariff  on  iron  and  steel  as  the  exceptional  profits  earned. by  the 
Carnegie  Company,  although  I  am  not  aware  that  until  recently 
these  profits  have  ever  been  disclosed.* 

A  few  years  ago,  Mr.  Abram  S.  Hewitt  exposed  in  Congress  some 
of  the  methods  adopted  by  the  manufacturing  concerns  of  the  United 
States  in  order  to  avoid  the  payment  of  taxes  on  the  dividends  earned, 
an  expose  which  throws  a  good  deal  of  light  on  the  great  difficulty  of 
ascertaining  the  real  profits  of  such  properties.  He  showed  that  after 
paying  22  per  cent,  dividend  in  1881,  one  company  with  a  total  capital 
of  2,000,000  dols.  had  3,286,423  dols.  on  hand  as  undivided  profits,  which 
must  have  been  earned  in  the  two  previous  years.  A  tax  is  paid  in  the 
iState  of  Pennsylvania  on  dividends,  and  the  Pennsylvania  Company, 
not  caring  to  pay  tax  on  a  dividend  of  more  than  22  per  cent.,  devised 
an  ingenious  plan  to  distribute  this  surplus  in  another  form.  They 
bought  from  the  Pennsylvania  Railway  Company  5,000  shares  of  the 
20,000  which  formed  their  capital,  at  265  dols.  a  share,  although  the 
stock  was  worth  much  more,  and  they  sold  this  stock  to  their  share- 
holders for  100  dols.  a  share.  In  this  way  they  divided  825,000  dols.  of 
*>urplus  profits  without  calling  it  a  dividend,  so  that  the  Company 
made  a  free  gift  to  the  shareholders  of  165  dols.  per  share.  This 
arrangement  was  disclosed  owing  to  the  Courts  being  called  on  to 
-decide  whether  this  stock,  in  the  estate  of  John  Edgar  Thomson,  who 
held  1,000  of  the  shares,  should,  on  his  death,  be  added  to  the  principal 
as  a  stock  division,  or  be  regarded  as  income.  The  Court  treated  the 
^25,000  dols.  as  a  dividend. 

Artificial  Influences. 

On  the  American  continent  profits  of  manufacture  are  liable  to  be 
artificially  influenced  by  two  conditions  that  do  not  exist,  and  of  which 

•  As  the  result  of  some  ihreaiencd  litigation  In-lween  Mr.  Cirnegic  and  Mr.  Frick» 
<he  profits  of  that  enterprise  in  1900  were  compuled  al  over  20  millions  of  dollars.  ; 
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there  are  no  equivalents,  in  a  free-trade  country  like  our  own.  One  of 
these  is  the  tariff;  another  is  the  bounty  system.  We  have  already 
spoken  of  the  American  tariff,  and  shown  how  it  influences  selling* 
prices — and,  consequently,  profits  more  or  less — both  at  home  and 
abroad.  The  other  system  is  now  in  full  operation  in  the  Dominion  of 
Canada,  and  must  play  a  most  important  part  in  the  financial  results 
arrived  at  there  for  some  years  to  come. 

The  Dominion  Iron  and  Steel  Company  have  issued  a  statement  that 
if  their  estimate  of  an  annual  production  of  400,00c  tons  of  iron  and. 
steel  per  annum  be  realised,  they  will  have  to  receive  from  the  Canadian 
Government  up  to  the  end  of  ic^7,  bounties  to  the  total  amount  oC 
8,095,000  dols.(;£"  1,62 1, cxx)),  or  an  average  of  ;£^23 1,572  per  ajinum^ 
which  will  reach  its  maximum  with  ;^4 15,000  in  1902,  and  will  fall  to  a 
minimum  of  ;£^45,ooo  in  1907. 

Despite,  however,  the  existence  and  the  influence  of  tarifls  and 
bounties,  the  values  of  iron  and  steel  properties  in  countries  like  the 
United  States  and  Canada  are  as  liable  to  be  affected  by  depression  as- 
those  of  our  own  country.  In  a  preceding  chapter  we  have  shown 
how  liable  American  industr}'^  has  been  to  panics  and  crises  in  the  past 
The  experience  of  nearly  every  iron-making  enterprise  in  the  United 
States,  up  to  quite  a  recent  date,  sufficiently  proves  that  that  liability 
continues.  The  case  of  the  greatest  iron-making  enterprise  in  the 
southern  States  may  be  quoted  in  proof  of  this  fact.  That  important 
Concern  a  few  years  ago  was  in  a  state  of  depression  almost  unknown* 
in  this  country.  The  market  value  of  its  shares  had  fallen  to  17  dols. 
In  less  than  a  year  there  was  a  rise  in  the  market  value  of  its  shares- 
from  17  dols.  to  126  dels.,  which  is  an  experience  that  hcis  probably 
never  fallen  to  the  lot  of  any  iron-making  concern  before.  This  was 
due  to  a  rise  in  the  value  of  its  pig-iron  from  7  dols.  to  18  dols.  per  ton; 
but  these  figures  do  not  indicate  the  profit  made.  A  comparatively  small 
portion  of  the  output  of  pig-iron  usually  realises  the  current  market 
price  for  the  producers,  as  large  deliveries  are  made  on  account  of 
contracts  entered  into  many  months  before  at  prices  far  below  current 
figures.  For  example,  at  the  time  that  pig-iron  was  worth  from  15  dols. 
to  18  dols.  per  ton  at  furnace,  the  deliveries  of  the  Tennessee  Coal,  Iron- 
and  Railroad  Company  are  said  to  have  averaged  in  one  such  month 
only  about  950  dols.  per  ton,  and  yet  the  company  is  credited  with  having- 
made  a  net  profit  of  nearly  250,000  dols.  on  that  month's  business^ 
Often  before  current  prices  can  be  realised  the  boom  has  disappeared. 

The  Census  figures  throw  some  light  on  the  important  subject 
of  the  average  profits  earned  in  the  iron  and  steel  industries  of  the 
United  States.  Taking  the  total  expenditure  as  above  recorded  at 
716,376,000  dols.  for  1900,  the  value  of  the  products  of  the 
American  iron  and  steel  industries  as  a  whole  for  the  same  year  is 
recorded  at  835,759,000  dols.,  leaving  a  balance  of  119,383,000  doIs.». 
which  is  about  2oi  |xir  cent,  on  the  returned  capital  of  573,000,000  dols. 

On  collating  the  figures  for  1890  in  the  same  way,  it  appears  that 
the  difference  between  the  cost  of  production  and  the  value  of  the 
products  only  allowed  sufficient  to  pay  9  per  cent,  on  the  returned 
capital  invested,  although  1 890  was  a  year  of  good  trade. 


CHAPTER     XXIV. 

The  Capacity  of  American  Iron  and  5teel  Works. 

Just  as  I  am  about  to  close  this  Report,  Mr.  Swank  sends  me  a 
copy  of  his  admirable  Directory  of  tlie  Iron  and  Steel  Works  of 
tlie  United  States,  which  supplies  some  missing  links  in  the  chain 
of  evidence  submitted  in  the  preceding  chapters  as  to  American 
conditions  and  progress.  I  was  quite  prepared  to  find  that  during 
the  last  two  or  three  years  the  quantitative  advances  made  by  the 
United  States  alike  in  the  pig-iron  and  in  the  steel  industry  had  been 
exceptional.  Of  this  fact,  during  my  recent  visit,  I  saw  evidence  oa 
every  hand.  But  I  was  not  prepared  to  find  that  the  sum  total  of  these 
advances  had  been  nearly  so  great  as  they  are  proved  by  Mr.  Swank's 
figures  to  have  been. 

Blast  Furnaces  and  Steel  Works. 

The  Directory  shows  that  the  total  capacity  of  the  blast  furnaces 
in  1 90 1  was  24,812,037  tons,  which  is  an  increase  of  nearly  five 
million  tons  a  year  on  the  capacity  recorded  for  1898.  There  were,  at 
the  end  of  1901,  12  blast  furnaces  being  built,  and  as  these  are  of 
the  newest  type,  their  average  annual  output  may  be  taken  at  about 
150,000  tons,  which  would  further  increase  the  capacity  since  1898 
by  nearly  two  million  tons  a  year. 

The  capacity  of  the  steel  works  of  the  United  States  in  the  same 
year  is  officially  given  at  the  following  figures  : — 


1898. 

1901. 

(iross  tons. 

(iross  tons. 

Bessemer  steel 

•  •  • 

10,552,000 

•  •  • 

12,938,000 

Open  hearth  steel 

•  «  • 

3^522,250 

•  •  • 

8,289,750 

Crucible  steel 

•  •• 

•  •  • 

177,000 

•  •  • 

•  •  • 

175,000 

Totals  ... 

J4,2i;i,2i;o 

2 1, 402,7  "JO 

Here  we  find  that  the  total  increase  of  capacity  within  about  two» 
and  a  half  years  has  been  not  less  than  7,151,700  tons,  including 
that  of  50  furnaces  being  built  or  rebuilt  for  the  open-hearth  process. 
There  are  now  35  Bessemer  steel  works  and  112  open-hearth  steel 
works  built  in  the  United  States,  with  12  others  being  erected. 

So  far  as  our  enquiries  went,  we  found  that  the  great  majority  of 
the  new  plants  were  being  erected  to  smelt  Lake  Superior  ores  and 
Connellsville  coke,  in  cases  where  the  purpose  is  to  make  pig-iron,  and 
to  use  either  Bessemer  (hematite)  or  basic  pig-iron,  where  the  pro- 
posal is  to  make  steel.  The  extensions  outside  of  the  Pittsburg  district 
are  considerable,  but  by  no  means  comparable  within  what  may  be 
regarded  as  the  sphere  of  influence  of  that  centre.     When  I  speak  of 
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the  Pittsburg  sphere  of  influence,  I  mean  to  include  the  works  of 
Youngstown,  only  65  miles  distant,  and  those  of  Cleveland  (Ohio), 
which  are  nearly  twice  that  distance,  because  they  depend  on  the  same 
sources  of  supply  of  raw  material,  and  are  subject  to  much  the  same 
costs  of  assembling  those  materials.  I  would  go  further,  and  add  that 
this  sphere  of  influence  may  be  regarded  as  including  "  the  Valleys," 
which  is  a  generic  name  given  to  a  group  of  industrial  centres  within  a 
radius  of  three  or  four  hundred  miles  of  Pittsburg,  although  to  some 
•extent  fed  from  other  sources  of  supply.* 

Recent  Increase  of  Plants. 

I  have  tried  to  put  into  reliable  and  intelligible  form  a  statement 
•of  the  various  projects  designed  to  increase  the  productive  resources 
•of  the  United  States  in  iron  and  steel  of  all  kinds,  and  had  proceeded 
some  considerable  length  in  that  direction  when  I  found  it  so  difficult' 
to  make  the  list  complete,  and  therefore  so  liable  to  mislead,  that  I 
abandoned   the  idea  of  seeking  to  compute  even  approximately  the 
•extent  of  the  increased  resources  of  output  now  being  provided  or 
recently  called  into  existence.     From  one  end  of  the  United  States  tO' 
the  other  it  may  be  said  that  capital  is  seeking  for,  and  has  found  or 
is  finding,  new   outlets  for  investment  in  iron  and    steel  plants  and 
their  collateral  industries.     A    few   of  the    more   important  develop- 
ments in   this    direction    are   indicated    in    the  following  very   partial 
.list,  with  the  approximate  capital  outlay  : — 

Dois. 

Pennsylvania  Steel  Company  (increase) 43,500^000 

Cambria  Steel  Company  (increase)        34,000,000 

Colorado  Fuel  and  Iron  Company  (increase)  bonds    ...     15,000,000 
Tennessee  Coal  and  Iron  Company  (increase)  bonds...     15,000,000 

Sharon  Coke  Company      4,000,000 

Empire  Bridge  Company 3,000,000 

National  IJridge  Company  1,500.000 

Sharon  Steel  Company  (increase)  1,000^000 

I'ittsburg  Steel  Company 3,000,000 

Pittsburg  Wire  and  Steel  Company        2,000,000 

Youngstown  Iron,  Steel,  and  Tube  Company  (increase)      3,400,000 

Central  Iron  and  Steel  Company  (increase)      4,000,000 

Washburn  Wire  Company  (increase)      2,250,000 

Page  Woven  Wire  Fence  Company  (increase)  ...       5,000,000 

Ashland  Iron  and  Steel  Company  . .         1,000,000 

Independent  Steel  Company         1,500,000 

Colonial  Steel  Company     ..         1,000,000 

National  Steel  Refining  Company  1,000,000 

Chicago  Tinplate  and  Can  Company      2,500,000 

Kokomo  Steel  and  Wire  Company        1,500,000 

Sharon  Tinplate  Company  (increase)     500,000 

Total       . .   145,650,000 

*  The  Valleys  include  the  following  resources  of  pig-iron  output : — 

Total  make  of 
pig  in  1900. 

'  545»«» 
441,000 

126,000 

800.000 

1 ,002,000 

50,000 


Total  blast 

Valley. 
Lehigh  Valley    ... 
Schuylkill 

furnaces. 

29 

18 

Juniata 

II 

Shenango 

Mahoning 

Hocking 

17 

14 

3 
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The  total  capitalisation  of  the  iron  and  steel  industries  of  the  United 
States,  in  I90i,is  stated  by  the  Census  at  the  sum  of  2,000,000,000  dels., 
of  which  amount  the  United  States  Steel  Corporation  is  credited  with 
1400,000,000  dols.  But  in  the  above  list,  in  the  space  of  one  year, 
competitors  have  appeared  with  a  combined  capitalisation  of  one-tenth 
of  that  of  the  Steel  Corporation. 

The  Steel  Corporation  itself  is  not,  however,  idle,  nor  apparently 
likely  to  be  so.  At  the  time  of  its  formation,  in  the  spring  of  1901,  the 
Carnegie  Steel  Company  were  providing  for  an  expenditure  of  some 
20  million  dols.  on  new  blast  furnaces,  open-hearth  plants,  rolling 
mills,  etc.  The  transfer  of  the  Carnegie  properties  to  the  Steel  Cor- 
poration has  naturally  involved  a  certain  amount  of  overhauling  and 
revision  of  these  plans,  but  the  expenditure  now  being  incurred  and  pro- 
vided for  in  the  near  future  remains  very  considerable  all  the  same. 
And  so,  more  or  less,  with  the  other  constituent  companies. 

In  no  branch  of  the  trade  is  more  activity  apparent  than  in  that 
devoted  to  the  manufacture  of  sheets,  for  which  the  United  States 
appear  to  have  a  most  devouring  appetite.  The  American  Iron  and 
Steel  Association  do  not  publish  separate  statistics  of  the  output  of 
sheets  and  plates,  but  the  output  of  both  together  in  1900  was  returned 
at  1,794,528  tons,  while  in  the  previous  year  it  had  reached  the  still 
higher  figure  of  1,903,505  tons.  These  figures  do  not  include  rail 
plate,  of  which  there  was  a  considerable  additional  output.  And  yet, 
at  the  end  of  1901,  there  were  31  independent  companies  erecting  new 
works,  or  making  extensions  to  existing  works,  for  the  manufacture 
of  sheets,  including  the  Sharon  Sheet  Steel  Company,  with  a  12-mill 
plant.  This  leaves  out  of  account  the  extensions  being  made  to  the 
sheet  steel  works  of  the  Steel  Corporation,  which  are  considerable. 
At  Vandergrift  alone,  I  found  an  extension  of  nearly  a  dozen  mills 
provided  for,  and  the  management  there  has  in  view  the  ultimate 
increase  of  the  total  number  of  mills  in  a  single  line  to  50 1  Of  course,, 
a  very  large  part  of  this  increase  of  demand  goes  into  roofing  and 
kindred  purposes,  and  the  possibilities  of  increase  in  this  direction 
appear  to  be  almost  unlimited. 

It  is  not  enough  to  be  able  to  point  to  isolated  examples  of  great  effi- 
ciency and  capacity  ;  the  true  test  of  both  is  the  general  practice  of  the 
country.  That  general  practice,  in  the  majority  of  cases,  is  difficult  to  set 
in  specific  terms,  because  it  is  not  usually  easy  to  get  a  group  of 
examples  that  will  be  sufficiently  representative  and  typical.  To  a 
certain  extent  this  difficulty  is  met  in  the  case  of  the  United  States  by 
the  information  as  to  the  capacity  of  output  collected  for  his  Directory 
by  my  friend,  Mr.  Swank.  The  estimates  of  capacity  purport  to  be 
given  by  the  manufacturers  themselves,  and  even  if  a  slight  allow- 
ance is  made  for  the  not  unpardonable  possibility  of  some  making 
their  estimates  too  liberal  to  conform  strictly  to  everyday  conditions 
of  working,  the  results  in  the  main  are  sufficiently  remarkable  ^o 
attract  much  notice,  if  not  a  little  envy,  on  the  part  of  European 
rivals. 

The  estimates  of  capacity  made  to  the  secretary  of  the  American 
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Iron  and  S'eel  Association  for  the  iron  and  steel  plants  of  1901  are 
as  under :— 


Average  annual 

Estimated  annual 

estimated 

rescriptio.i.                           Totil  No. 

total  capacity. 

c 

:  ipacity  per  unit. 

U  lits. 

Tons. 

Tons. 

Blast  furnaces           406 

.  •  • 

24,812,037 

61,113 

Bituminous  furnaces  only   ...      261 

•*■ 

20,771,200 

79,583 

Blast  furnaces  in  Pennsyh  ania     147 

•  •  • 

10,673,025 

72,60s 

,f          M         >»   Alabama...        45 

.  •  • 

2,363,500 

52,520 

»»          n         »   Ohio       ...        59 

... 

4,674,700 

79»I98 

,,          ,,         „    Illinois    ...        20 

... 

1, 9S  5,000 

97,750 

Standard  Bessemer  converters       8 1 

... 

12,938,000 

"  59,728 

Open -hearth  furnaces          ...      453 

•.• 

8,289,750 

18,299 

Steel  melting  pots     2,896 

... 

175,000 

61 

The  records  of  the  .American  iron  industry'  show  that  the  capacity 
of  the  plants  hns  enormously  increased  within  the  last  few  years,  as 
we  have  seen  in  earlier  sections  of  this  Report.  As  a  convenient  stage 
in  recent  pro<;ress  we  may  take  the  end  of  the  year  1895,  at  which 
time,  accordin^^  to  information  obtained  in  the  same  way  for  the  same 
Directory,  the  average  annual  capacity  of  the  469  blast  furnaces 
then  available  was  only  40,000  tons,  or,  say,  one-third  less,  while 
the  avcraj^c  of  the  99  Bessemer  converters  works  out  at  96,000  tons 
a  year,  instead  of  159,728  tons,  and  the  average  of  the  225  open-hearth 
furnaces  then  built  works  out  at  io,oOD  tons  a  year,  instead  of  18,299 
tons.  The  same  evidences  of  progress  appear  in  all  branches  of  the 
iron  and  steel  industries. 

The  statistical  progress  made  in  other  directions  in  the  same 
interval  is  illustrated  by  the  following  figures  :  - 

Dec,  1895.  Dec.,  190 1. 

Capacity  of                                           Tons.  Tons. 

Blastfurnaces »7>373,637  •••  24,812,037 

Bessemer  converters...         ...       9,472,350  ...  12,938,000 

Open-hearth  furnaces            ...       2,430,450  ...  8,289,750 

Rolling  mills 14,763,920  ...  23,220,350 

During  this  period  of  six  years,  the  capacity  of  American  blast 
furnaces  has  increased  by  7438,400  tons ;  of  Bessemer  plants  by 
3,465,650  tons  ;  and  of  open-hearth  plants  by  5,859,300  tons  ;  the  total 
incre.asj  of  steel  capacity  (in  ingots)  by  both  processes  being  9,324,950 
tons ! 

It  is  (lesrablc,  but  not  a  little  difficult,  to  convey  an  idea  of  what 
this  enormous  increase  of  manufacturing  resources  really  means,  in 
relation  to  the  past  demands  of  the  civilised  world.  The  increase  alone 
in  the  Amcricin  output  of  pig-iron  in  these  six  years  is  more  than 
the  total  make  of  pig-iron  throughout  the  world  in  i860,  and  it  is 
greater  than  the  total  annual  output  of  pig-iron  in  the  United  States  in 
any  one  year  up  to  1889.  It  also  exceeds  the  total  output  of  pig-iron  in 
Great  Britain   in  any  one  year  up  to  1880. 

The  increase  alone  of  steel  output  in  the  United  States  in  these 
six  years  is  considerably  larger  than  the  total  output  of  steel  of  all 
Jvinds  throughout  the  world  in  any  one  year  previous  to  1890,  and  is 
^bout  half  a  million  tons  more  than  the  total  make  of  steel  in  Great 
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Britain  in  any  two  years  prior  to  1897.  Moreover,  it  is  nearly  fhree 
times  as  much  as  the  total  steel  output  of  the  United  States  so  recently 
as  1887,  and  more  than  nine  times  as  much  as  the  total  output  of 
any  one  year  up  to  and  including  1880. 

Judging,  therefore,  from  the  past,  it  would  seem  almost  impossible 
that  this  phenomenal  rate  of  progress  could  be  justified  by  the  prospec- 
tive demand,  either  of  the  United  States  themselves  or  of  the  rest  of 
the  world.  That,  however,  is  so  conjectural  a  matter,  that  I  do  not 
feel  called  on  to  pursue  it  any  farther. 

Since,  in  1901,  the  total  production  of  pig-iron — the  greatest  hitherto 
recorded — in  the  United  States  was  some  16  million  tons,  and  as  the 
existing  capacity  of  the  blast  furnace  plants  is  nearly  25  million  tons, 
it  would  seem  as  if  there  was  already  a  reserve  capacity  of  nearly  nine 
million  tons.  Lest  it  might  be  supposed  that  this  conjunction  of 
circumstances  implies  a  possible  glut,  I  should  probably  add  that 
the  actual  production  must  mainly  be  controlled  by  the  availability  of 
adequate  and  suitable  supplies  of  raw  materials.  Not  only  so,  but  the 
situation  is  controlled  to  a  large  extent  by  the  number  of  plants  that 
can  make  pig-iron  at  a  profit  under  conditions  of  keen  competition. 
These  two  factors  arc  always  likely  to  keep  the  actual  output  well 
within  the  limits  of  the  estimated  capacity.  Similar  factors,  including 
availability  of  pig-iron  supplies  of  suitable  quality,  control  the  output 
of  both  Bessemer  and  open-hearth  steel. 


The  Pig-!ron  Output  of  Different  Countries. 

The  relation  of  the  increase  of  pig-iron  output  in  the  United  States 
to  that  of  other  countries,  since  the  year  1S70,  is  graphically  illustrated 
in  the  diagram  herewith  (Fig.  74).  It  will  be  noted  that  in  1870 
Great  Britain  was  a  very  long  way  ahead  of  the  other  iron-making 
nations,  and  Russia  held  the  most  inferior  position.  In  1890  the  United 
States  left  Great  Britain  in  a  second  place.  The  vast  strides  which  the 
United  States  have  made  since  that  time  is  verv  striking.  The  British 
line  has,  on  the  whole,  been  a  fluctuating  one,  although  no  British 
fluctuations  have  been  more  remarkable  than  those  of  the  United  States 
in  1894-95.  Germany  and  France  have  made  more  steady  progress,  and 
since  1890  the  advance  of  Russia  has  also  been  more  distinct. 

It  is  probably  among  "the  things  not  generally  known"  that 
Germany  has  the  greatest  number  of  Bessemer  converters  of  any 
country  in  the  world,  although  not  producing  the  largest  quantity  of 
Bessemer  steel.  At  the  end  of  1901,  the  Fatherland  had  126  con_ 
ver:ers  i.i  existence,  of  which  28  w^ere  attached  to  plants  that  produce 
acid  steel  and  98  to  basic  steel  plants.  This  compares  with  81 
standard  Bessemer  converters  in  the  United  States  and  78  available 
converters  in  Great  Britain.  But  the  output  of  Bessemer  ingots  in 
the  United  States  in  1901,  with  these  81  converters,  was  8,713,302  tons, 
or  fully  twice  the  output  of  Germany  with  126  converters,  and  fully 
five  times  the  output  of  Great  Britain  with  j"^  converters. 

As  regards  open-hearth  plants,  Germany,  at  the  same  date,  had 
239  open -hearth  furnaces,  of  which  23  were  built  to  produce  acid  and 
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216  to  produce  basic  steel.  This  compares  with  about  500  open- 
hearth  furnaces  in  the  United  Kingdom  and  403  completed  open -hearth 
furnaces  in  the  United  States.  But  the  American  plants  produced 
in  1901  4,656,309  tons  of  ingots,  and  are  stated  in  Mr.  Swank's 
Directory  of  the  United  States  Iron  and  Steel  Works  to  have  had  a 
capacity — with  50  new  furnaces  being  built — of  not  less  than  8,289,750 
tons  per  annum,  while  the  British  plants  have  never  in  any  one  year 
produced  more  than  3,250,000  tons,  nor  the  German  plants  more 
than  2,200,000  tons. 

The  vast  preponderance  of  the  basic  process  in  the  plants  of 
Germany  are  shown  in  these  figures.  It  will  be  seen  that  yy  per  cent, 
of  the  productive  capacity  of  the  Bessemer  plants,  and  90  per  cent,  of 
the  capacity  of  the  open -hearth  plants,  is  designed  for  the  basic 
process.  In  our  own  country  the  make  of  basic  steel  has  never  in 
any  one  year  exceeded  850,000  tons,  which  may  be  taken  as  about 
one-sixth  of  the  total  output  of  steel  of  all  kinds,  and  in  the  United 
States  the  actual  output  of  basic  steel  in  1901  was  3,618,993  tons — 
all  by  the  open-hearth  process, — which  is  only  27  per  cent,  of  the  total 
output  of  steel  by  all  processes.  In  both  the  United  Kingdom  and 
Germany  considerable  quantities  of  basic  steel  are  made  by  the 
Bessemer  process,  whereas  in  the  United  States  only  the  open-hearth 
is  employed  to  produce  that  description  of  steel.  This  is  a  fact  that 
may  be  said  to  be  founded  on  conditions  which  in  the  older  centres 
of  the  trade  were  unavoidable.  The  plants  were  there,  and,  whether 
the  system  was  or  was  not  the  best,  it  had  to  be  made  use  of.  But 
in  the  United  States,  where  the  demand  is  so  large  as  to  aflford 
facilities  and  opportunities  for  applying  the  system  that  is  found  to 
be  the  best,  apart  from  established  conditions,  the  use  of  the  open- 
hearth  alone  in  the  basic  steel  industry  indicates  unmistakably  that 
that  system  is  preferred  in  practice,  and  is  found  to  yield  the  best 
results.  Not  only  so,  but  while  the  output  of  Bessemer  steel  ingots 
increased  largely  in  i9or  over  1900,  there  has  been  no  material  increase 
in  the  plants  available  for  the  manufacture  of  Bessemer  ingots.  On 
the  contrary,  the  total  number  of  converters  has  fallen  from  95  in 
Aprils  1898,  to  81  in  November,  1901.  This  decrease  of  14  has  lately 
been  to  som*^  extent  made  up  by  the  new  plant  of  the  Lackawanna 
Company  in  New  York  State,  but  this  was  the  only  new  Bessemer 
plant  in  course  of  erection  at  the  end  of  1901,  whereas  twelve  new 
plants  were  at  that  date  being  constructed  to  carry  on  the  open-hearth 
steel  industry,  and  thirteen  other  plants  were  projected.  This  means 
an  enormous  addition  to  the  resources  possessed  by  the  United  States 
for  the  manufacture  of  open-hearth  steel.  Indeed,  the  computed 
capacity  of  the  American  open-hearth  plants  built  and  building  at  the 
end  of  1901  was  8,289,750  tons,  which  is  nearly  four  times  the  largest 
output  of  open-hearth  steel  hitherto  recorded  for  Germany,  and  nearly 
160  per  cent,  in  excess  of  the  greatest  output  hitherto  recorded  for 
the  open-hearth  works  of  Great  Britain. 

The  computed  average  annual  capacity  of  the  open-hearth  furnaces 
employed  in  the  United  States  is  18,500  tons.  Of  course  the  great  bulk 
of  the  furnaces  are  of  large  size. 

I  have  made  an  analysis  of  the  open-hearth  plants  erected  in  the 
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State  of  Pennsylvania,  which  includes  the  Pittsburg  district,  and  find 
that  they  stand  in  reference  to  their  capacity  as  under : — 

0))en- hearth 
Furnaces. 
Under  20  tons   ...        ...        ...         ...        ...     41 

20  to  30  tons      ...         ...         ...         ...         ...     80 

30  to  45  tons      ...  ...         65 

50  tons  or  over ...     79 

Total  for  Pennsylvania    ... '       ...  365 

The  aggregate  capacity  of  the  open-hearth  plants  in  this  State  is 
approximately  8,840  tons,  of  which  3,950  are  due  to  the  50-ton  furnaces 
and  2,275  tons  to  the  furnaces  between  30  and  45  tons,  leaving  2,615  ^ons 
for  furnaces  up  to  30  tons.  At  the  cloae  of  1901  the  new  plants  projected 
or  being  erected  for  the  open-hearth  process  embraced  10  works  in 
Pennsylvania,  having  a  total  of  51  open-hearth  furnaces,  of  which 
46  were  of  50  tons  capacity,  and  of  which  the  total  capacity  was 
not  less  than  2,470  tons  per  heat.  F"rom  this  it  would  appear  that  in 
this  State  the  open-hearth  furnaces  projected  or  in  course  of  construc- 
tion at  the  end  of  1901  were  equal  to  an  incrca.sc  of  28  per  cent,  of  ihfe 
total  capacity  of  the  plants  then  in  existence.  Two  of  the.se  plants — 
the  Unign  and  the  St.  Clair — embraced  severally  12  furnaces  of 
50  tons  capacity,  one  other — the  Central —  six  50-ton  furnaces,  and  two 
others — the  Sharon  and  the  Schuylkill — five  50-ton  furnaces  each. 

Outside  the  State  of  Penn.sylvania  there  are  comparatively  few  50-ton 

furnaces  in  operation.     The  only  notable  plants  under  this  category 

are: — 

50-ton 

Furnaces. 
The  South  Works  of  the  American  Steel  and  Wire  Company...       4 

Ensley  Works  of  the  Tennessee  Company         10 

Newburgh  Steel  Works,  Ohio        4 

South  Works,  Chicago         ...         ...         ...         ...         4 

A.  ULc*ft         •••  ■••  •••  «••  •■•  •••  M^ 

But  at  the  same  date  the  Steubenville  Works,  in  Ohio,  were  building 
ten  50-ton  furnaces,  the  Inland  Steel  Company  of  Indiana  were  building 
four  others,  and  the  Diamond  State  Steel  Company  of  Delaware  were 
building  five  others  at  Wilmington. 

Steel  Castins:^. 

There  is  no  branch  of  the  American  steel  iiulustry  in  which  greater 
progress  has  been  made  of  late  years  than  that  of  the  manufacture  of 
steel  castings.  The  Directory  shows  that  in  April,  1898,  there  were 
53  works  carried  on  in  the  country  that  made,  or  professed  to  rnakc^ 
steel  castings,  but  of  that  number  the  majority  carried  on  this  operation 
on  a  very  small  scale,  so  much  so,  indeed,  that  in  the  State  of  Pennsyl- 
vania there  were  onh^  two  firms  with  a  cajxicity  exceeding  I0,000  tons 
a  year,  and  only  five  others  with  a  capacilN-  between  5,000  and  10,000 
tons   annually.     In    the  same   year  there  were   20   works  that  under* 
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took  the  manufacture  of  steel  castings  in  the  State  of  Pennsylvania.  At 
the  end  of  1901,  this  number  had  increased,  with  three  works  in  course 
of  erection,  to  30.  But  the  increase  of  output  had  been  still  more 
notable.  The  total  recorded  capacity  for  the  manufacture  of  steel 
castings  in  1898  by  Pennsylvania  steel  works  was  149,300  tons,  and  this 
had  in  1901  increased  to  334,000  tons.  It  is  possible  that  in  1501 
fuller  particulars  were  obtained  of  the  capacity  of  some  of  the  plants 
than  those  recorded  for  1898,  but  the  margin  of  error  likely  to  be  due  to 
this  circumstance  will  not  be  very  material. 

Almost  equally  notable  progress  appears  to  have  taken  place  in  some 
other  States.  In  Ohio  the  capacity  recorded  for  1898  was  31,200,  and 
this  had  in  1901  increased  to  123,450  tons;  while  in  Illinois  the  cor- 
responding advance  was  from  25,400  to  78,900  tons.  In  I90i,t.en  works 
in  the  United  States  had  each  a  capacity  exceeding  20,000  tons  of 
castings  a  year. 

The  total  capacity  of  the  works  engaged  in  the  output  of  steel  cast- 
ings in  the  three  States  named  increased  from  149,300  tons  in  1898  to 
536,350  tons  in  1901,  bein<(  an  increase  of  387,050  tons,  or  260  per  cent.^ 
so  far  as  the  returns  published  enable  a  computation  to  be  made. 

Mr.  Swank  has  ascertained  that  the  number  of  plants  in  the  United 
States  that  made  castings  in  1901  by  the  Bessemer,  or  by  the  Robert 
or  other  modified  Bessemer  process,  was  13,  while  56  other  plants  made 
open-hearth  steel  castings,  14  others  made  crucible  steel  castings,  and 
four  others  made  special  steel  castings. 

A  recently-developed  feature  of  the  steel-casting  industry  has  been 
the  increase  of  small  plants,  designed  to  enable  steel  to  be  melted  in 
small  quantities  suited  to  that  branch  of  manufacture,  and  regulated  at 
will  as  to  composition  and  other  requirements.  Various  processes  have 
from  time  to  time  been  put  forward  as  answering  these  conditions — 
among  others  the  Clapp-Griffiths,  the  Walrand-Legenisel,  the  Robert, 
and  the  Tropenas.  At  one  time,  the  Clapp-Griffiths  appeared  likely  to 
have  a  good  deal  of  vogue  in  the  United  States,  but  of  late  years  that 
vogue  has  largely  been  lost.  The  Robert  process  reached  its  apogee  in 
the  year  1896,  when  three  works  carried  it  on,  having  five  converters 
among  them.  In  1901  these  figures  were  reduced  to  two  works,  with 
three  converters,  so  that  one  works  and  two  converters  had  droj)ped  out. 
The  Walrand-Legenisel  process,  which  was  introduced  to  the  notice  of 
the  British  iron  industry  by  Mr.  R.  M.  Daclen,  of  Diisseldorf,  and  Mr. 
G.  J.  Snelus,  was  introduced  at  one  works  in  1896,  but  has  since  then 
been  abandoned.  In  the  meantime  the  Tropenas  process  has  been 
adopted,  in  a  more  or  less  modified  form,  at  nine  different  works,  and  at 
the  end  of  1901  fifteen  converters  had  been  built  to  carry  it  on. 

When  one  compares  the  actual  output  of  the  iron  and  steel  works 
of  the  United  States  with  their  productive  capacity,  present  and  pro- 
spective, it  is  difficult  to  repress  a  fear  that  there  are  rocks  ahead. 
These  rocks  may  be  disastrous  to  the  United  States,  or  to  Great 
Britain,  or  to  both.  All  that  is  certain  is  that  the  capacity  of  output  is 
already  greatly  in  excess  of  the  probable  demands  of  the  United 
States,  in  every  branch  of  the  trade,  as  measured  by  the  past  records  of 
consumption.  To  take  only  three  cases,  it  would  seem  that  the  capacity 
fororoducing  pig-iron  is  50  per  cent,  in  excess  of  the  output  of  1901, 
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immense  and  unprecedented  as  that  year's  make  was  ;  that  the  capacity 
for  manufacturing  rolled  products  is  140  per  cent,  in  excess  of  the  out- 
put of  1900  (the  returns  for  1901  are  not  available)  ;  that  the  capacity 
for  producing  steel  ingots  is  58  per  cent,  in  excess  of  the  actual 
output  of  1 90 1,  although  that  year's  output  was  3,286,706  tons,  or  fully 
30  per  cent,  in  excess  of  the  output  of  any  previous  year.  The  same 
conditions  apply  more  or  less  to  all  other  branches  of  the  trade,  as  a 
glance  at  the  following  figures,  which  I  have  taken  some  trouble  to 
compile  from  the  records  of  the  American  Iron  and  Steel  Association, 
will  show. 


Annual  capacity 

Percentage 

Pr(;:luction  in  1901. 

of  U.S.  at  end  of 

rapacity  in 

1901. 

excess  of 

Tons. 

Tons. 

prcKluction. 

l*ig-iion          

15^87^,354 

24812,037 

56 

Bessemer  steel  ingots 

8,713,302 

12,938,000 

48 

Opcn-hearth  ingots 

4,656,30^^ 

8,289,750 

77 

Crucible  steel           

100,562 

175,000 

75 

Rolled  products       

9,487,443 

23,220,350 

145 

Steel  castings,  open-hearth 

177,491 

400,000 

126 

Tinplates       

302,665 

63  works  in  all  ;  25  works 
have  a  capacity  of  605,000  tons. 

Rails,  all  kinds 

2,385,682 

48  mills 

— ■ 

Structural  shapes 

815,161 

69  mills 

The    number  of  works  en 

gaged  in  the 

various  departments  of  the 

-trade  were  : — 

In  1S98. 

In  1901. 

Puddling  furnaces 

•  •  •                •  •  • 

.-    3,251 

3,889 

Rail  mills       

•  •  •                •  ■  • 

48 

51 

^>tructural  shape  works 

•  •  •                •  •  • 

69 

66 

Plate,  sheet  and  skclp  mills 

...                •  -  . 

236 

232 

Tinplates 

•  •  ■                •  •  • 

63 

r>9 

<'ut  nail  and  spikes... 

•  •  •                •  •  • 

43 

46 

Wire  nails     ... 

•  •  •                •  •  • 

68 

79 

Wire  rod  mills 

« •  •                •  ■  • 

37 

24 

"Steel  castings 

•  •  •                •  •  ■ 

79 

53 

Oiiiible  steel 

•  •  • 

48 

45 

<)|)en-hearth  works... 

...                •  ■  • 

124 

99 

liessemcr  steel   works 

■  '  ■                •  •  • 

48 

42 

If  these  figures  arc  to  be  acccptccl — as  they  are  by  the  iron  and 
steel  industries  of  the  United  States  as  an  approximately  correct 
record  of  the  existing  situation,  it  would  ai)pear  that  the  existing 
resoiu-ccs  of  production  arc  as  much  in  excess  of  the  maximum  actual 
output  in  the  case  of  rolled  products  as  in  that  of  steel  castings,  where 
they  arc  126  per  cent  in  excess  ;  and  probabl\'  at  least  as  much  greater 
in  the  case  of  steel  rails  and  structural  steel  as  in  that  of  rolled  products 
generally.  In  all  cases,  the  productive  capacity  of  the  works  recorded 
includes  that  of  the  new  ])lants  actually  in  course  of  construction  at  the 
end  of  1 90 1. 

In  his  Director)'  for  1898,  Mr.  .Swank  gives  particulars  of  Sj 
works  engaged  in  bridge  hm'lding  ojierations,  whereas  in  his  issue  of  the 
same  valuable  work  at  the  end  of  190 1  he  only  gives  the  25  works 
belonging  to  the  American  Bridge  C(Mnpan\'  that  are   controlled  by  the 
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United  States  Steel  Corporation,  and  names  67  works  built  and  two 
building  to  roll  iron  or  steel  structural  shapes.  The  capacity  of  the  25 
works  belonging  to  the  American  Bridge  Company  is  stated  at  441,200 
tons,  but  as  Mr.  Swank  found  that  there  were  87  works  prepared  to 
undertake  this  business  in  1898,  these  25  works  can  only  be  regarded  as 
comparatively  much  under  the  total  bridge-building  capacity  of  the 
country,  although  many  of  the  plants  named  in  the  1898  list  had  only  a 
limited  output. 

At  the  end  of  1901  there  were  in  the  United  States  32  completed 
wire  rod  mills,  with  four  building,  one  rebuilding  and  one  projected, 
making  a  total  of  38.  The  greatest  output  of  wire  rods  from  one  mill  in 
24  hours  was  262  tons,  at  the  Rankin  plant  of  the  American  Steel  and 
Wire  Company.  At  this  rate,  with  31 1  working  days,  such  a  plant  may 
turn  out  about  81,000  tons  of  rods  in  a  year,  and  if  so  ten  such  mills 
should  be  equal  to  producing  all  the  wire  rods  produced  in  the  United 
States  in  1900 — namely,  846,291   tons. 

While  the  plant  available  was  already  largely  in  excess  of  actual 
requirements,  if  the  figures  which  have  just  been  submitted  belonged 
to  the  statistical  aspects  of  European  plants,  they  would  not  greatly 
stimulate  alarm  or  astonishment,  because  European  conditions  do 
not  invest  iron-  and  steel-manufacturing  plants  with  such  vast 
capacities  as  are  usual  in  the  United  States.  Hut  American  plants 
of  all  kinds  are  now  worked  under  such  wonderfully  high  pressure 
that  each  individual  unit  in  iron  and  steel  manufacturing  plants  means 
much  more  than  it  did  only  five  years  ago,  and  vastly  more  than  it  did 
ten  years  ago.  A  few  examples  of  this  fact  may  be  quoted  here  as 
typical  of  the  whole. 

Let  us  first  deal  with  the  case  of  Bessemer  steel-manufacturing 
plants.  It  is  not  by  any  means  certain  that  the  ultimate  capacity 
of  either  a  Bessemer  or  an  open-hearth  plant  of  a  given  number  of 
units  has  been  or  can  be  stated.  But  "  records  '*  throw  some  light  on 
the  matter. 

At  the    Edgar-Thomson  Works  of  the    Carnegie    Steel   Company 
four  converters  of  i  5  tons  capacity  have  produced  3,000  tons  of  ingots 
in    twenty- four    hours.       At    this    rate   the    capacity    of  this    plant,    if 
maintained  for  311    working  days,  would  be  933,000  tons  a  year,  or 
one-seventh  of  the  total   Bessemer  steel  output  of  the  United  States 
in   1900.      As  only   three   converters  are   generally   employed    at  one 
time  in  a  4-vessel  plant,  the  actual   work  of  producing  the  Bessemer 
steel  ingot  output  of  1900  may  thus  be  done  by  21  converters,  whereas 
the  total    number  actually  built  in  the   United   States  at  the  end  of 
1901  was    81.      Allowing   one    reserve  vessel    to  each  4-vessel    plant, 
the   full   number  required   on  Edgar-Thomson  precedents   to  produce 
the    Bes.semer    output    of    1900,   which    was    6,684,770    tons,    would 
obviously    be     26,    or    less    than    one-third     of    the     total     number 
in   existence   at   the   end    of    1901.      It   is  elsewhere  stated    that    the 
output  of  Bessemer  steel  ingots  in   1901   was  8,713.302  tons,  whence 
it  appears  that  the  capacity  of  the  converting  plants  was  much  more 
fully  utilised  in  that  year  than  in   1900. 

The    same    remarks    are    more    or    less   applicable  to    the    plants 
engaged  in  the  manufacture  of  open-hearth  steel,  which  within  a  few 
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years    have  increased    their  capacity    from    5,000  or  6,000  to  nearly 
20,000  tons  per  furnace  per  annum. 

Next  to  blast  furnaces,  rail  mills  were  among  the  first  notable 
record-breakers  of  the  United  States,  if,  indeed,  they  did  not  come 
in  front  of  the  more  elementary  branch  of  the  industry.  The  rail  mills 
of  the  United  States  continue  to  make  records  that  astonish  and 
eclipse  Europe.  The  total  number  of  rail-mills  in  the  United  States 
is  stated  in  the  recently  published  Directory  of  the  American  Iran 
and  Steel  Works  to  be  45,  with  three  building.  And  yet,  the 
two  rail  mills  at  the  Edgar-Thomson  Works  of  the  Carnegie  Steel 
Company,  near  Pittsburg,  recently  produced  in  one  month  6i,OOOtons 
of  finished  rails,  which  is  at  the  rate  of  732,000  tons  of  rails  a  year 
for  this  one  plant.  Assuming  that  this  rate  could  be  maintained, 
three  plants,  or  six  mills  in  all,  might  be  able  to  produce  the  total 
steel  rail  output  of  the  United  States  in  1900,  which  would  leave  but 
little  for  the  remaining  39  mills  to  do. 

On  referring  to  p.  199  the  same  immense  extent  of  capacity  will 
be  noticed  in  plate  mills.  Two  mills  at  the  Homestead  Works  of  the 
Carnegie  Steel  Company  produce  an  average  of  36,000  tons  per  month, 
or  at  the  rate  of  432,000  tons  a  year,  at  which  rate  a  very  small  num- 
ber of  mills  should  suffice  to  produce  the  total  plate  output  of  the 
country,  and  it  may  be  noted  that  eight  such  mills  working  at  the 
same  rate  of  average  output  should  be  equal  to  producing  approxi- 
mately the  full  British  output  of  plate  steel  in  1901.  There  is  no 
authoritative  record  of  the  annual  output  of  plates  in  the  United 
States,  nor  of  the  exact  number  of  plate  mills,  so  that  it  is  impossible 
to  say  what  the  output  is  in  relation  to  capacity. 

The  same  remark  applies,  mutatis  mutandis^  to  other  departments 
of  the  trade.  Forgings,  tinplatcs,  black  plates,  hoops,  sheets,  and 
many  other  descriptions  of  iron  and  steel,  have  enormously  increased 
in  actual  output,  but  have  increased  still  more  in  capacity  of  output 
during  the  last  few  years. 

The  business  done  by  the  United  States  Steel  Corporation  for  the 
twelv-emonth  ended  March  31,  included  an  output  of  13,327,000  tons 
of  iron  ore,  9,079,000  tons  of  coke,  6,962,000  tons  of  pig-iron,  134,000 
tons  of  Spiegel  iron,  37,000  tons  of  fcrro-manganese,  and  9,035,000  tons 
of  ingots.  The  output  of  finished  iron  and  steel  included  1,676000 
tons  of  rails,  2,481,000  tons  of  blooms,  billets,  and  slabs  for  shipment, 
1,078,000  tons  of  wire  and  wire  products,  1,236,000  tons  of  merchant 
steel,  743,000  tons  of  ])latcs,  405,000  tons  of  tinplates,  and  1,860,000 
tons  of  miscellaneous  iron  and  steel.  The  corporation's  production 
of  ingots  was  67  per  cent,  of  the  entire  American  output.  The  average 
number  of  employes  was  158,000,  with  a  wages  roll  of  not  less  than 
;t22,565,400.  The  capacity  of  the  works  controlled  by  the  corix>ration 
was,  however,  materially  in  excess  of  these  figures. 

The  Steel  (Corporation  manufactured  goods,  the  selling  price  of 
which  was  approximately  ;t'9 1 ,800,000  and  the  cost  ;^68,6oo,ooo.  The 
net  profits,  therefore,  amounted  to  ;^23, 200.000  ;  but  from  this  amount 
must  be  deducted  the  cost  of  maintenance,  /'4,900,ooo,  or  21  per  cent., 
before  the  final  profit  is  determined. 

He  would,   nevertheless,   be  a  bold  man  who  would  venture  to  set 
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limits  to  the  future  demands  of  the  world  for  iron  and  steel.  The 
boundaries  of  the  use  of  these  metals  cannot  possibly  be  fixed.  Apart 
from  its  use  in  the  manufacture  of  rails,  the  four  main  uses  of  steel  at 
the  present  time  may  be  said  to  lie  in  building  ships,  in  making  labour- 
saving  machinery,  in  erecting  buildings  and  bridges,  and  in  railway  car 
construction.  A  New  York  commercial  journal  has  stated  that  in  that 
city  alone,  in  a  single  year,  125,000  tons  of  structural  steel  are  used 
for  building  purposes  outside  of  bridge  construction,  and  it  is  well 
known  that  a  single  car  company  in  the  United  States  consumes 
400,000  tons  of  steel  each  year  in  the  making  of  freight  cars  alone.  An 
interesting  comparison  has  been  made  between  the  proportion  of  pig- 
iron  used  at  various  dates  for  the  manufacture  of  steel  rails  and  that  left 
over  for  other  uses.  The  result  shows  that  while  in  1879  the  consump- 
tion for  what  is  called  "non-rail  uses"  was  754  lbs.  per  head  of  the 
population,  in  1889  it  was  2\y2  lbs.,  and  in  1898  it  had  risen  to 
276*2  lbs. 

The  Railroad  Gazette,  of  New  York,  reported  orders  for  13,505 
cars  and  192  locomotives  in  one  month  of  1900,  compared  with  9,786 
cars  and  99  locomotives  ordered  in  the  corresponding  month  of  the 
previous  year.  The  economist  or  business  man  who  takes  the  trouble 
to  analyse  the  various  sources  of  demand  for  iron  and  steel,  and  espe- 
cially of  such  comparatively  new  sources  as  electrical  plant  and  street 
railway  ecjuipment,  will  be  likely  to  see  that  there  are  practically  no 
limits  capable  of  being  assigned  to  this  field,  while  the  rapidity  with 
which  new  u.ses  have  multiplied  in  the  past  justifies  the  anticipation 
of  an  increase  in  similar  uses  for  the  future. 


CHAPTER  XXV. 

Some  Pinal  Pacts  and  Considerations. 


American  Labour  and  its  Remuneration. 

THK  conditions  of  labour,  in  respect  to  average  and  exceptional 
earnings,  have  already  been  referred  to,^  but  this  is  a  matter  of  so  much 
importance  that  it  will  probably  not  be  amiss  to  further  deal  with  it  in 
the  light  of  information  received  more  recently.  The  report  of  the 
United  States  Census  on  manufacturing  and  mechanical  industries  for 
1900  shows  that  the  average  earnings  of  all  classes  engaged  in  the  iron 
and  steel  industries  of  thut  year  amounted  to  £1 17,  against  an  average 
of  ;f  104  for  the  Census  year  1890,  being  an  advance  of  about  Ii4  per 
cent,  l^oth  these  Census  }^ears  were  }'ears  of  good  trade,  so  that  wages 
are  certain  to  have  been  above  the  average  of  previous  years  in  both 
cases.  Nevertheless,  that  average  does  not  probably  come  up  to  the 
general  expectation  of  what  it  was  likely  to  be,  in  view  of  the  state- 
ments that  have  been  published  from  time  to  time  as  to  American 
wages. 

Among  these  statements  a  prominent  place  should  be  accorded  to 
two  made  at  different  dates  by  Mr.  Andrew  Carnegie.  Some  years  ago, 
in  naming  the  remarkable  fact  that  3  lbs.  of  steel  were  then  being 
made  for  about  2  cents,  that  gentleman  stated  as  follows  : — 

''  There  is  one  element  of  cost,  however,  which  every  student  of  sociology  will 
rejoice  to  know  has  not  been  cheapened,  and  that  is  human  labour.  It  has  risen, 
and  the  tendency  is  to  higher  earnings  per  man.  In  one  of  the  largest  steel  works 
last  year  the  average  wa^'^es  per  man,  including  all  paid  by  the  day,  labourers, 
boys,  mechanics,  exceeded  4  dols.  per  day  -  for  311  days.  Fewer  men  beinj; 
re(|uire(l,  the  labour  cost  per  ion  is  less,  and,  contrary  to  the  opinion  often 
expressed,  these  men  are  of  a  hi^iher  (juality  as  men.  It  is  a  mistake  to  suppose 
that  men  are  becoming  mere  machines."' 

Again,  in  addressing  his  own  workmen  at  Homestead,  on  the  occa- 
sion (;f  the  dedication  of  a  free  librar\-  there  in  November,  1898,  the 
same  authority  declared  that  in  1S97  the  average  wages  paid  at  these 
works,  "man  and  boy,  connnoii  labourer  included,"  was  2  dols.  91  cents. 
per  da\',  or  905  dols.  for  311  working  da\s.  Now,  there  arc  two 
remarkable  facts  to  be  noted  conc(rrning  these  figures— the  first  that  the 
4-d(yllar-a-day  rate  is  worked  out  to  ^249  per  year  of  31 1  working  days, 
or  considerably  more  thn.n  double  the  average  annual  wages  found  by 
the  (xMisus  for  1900,  which  was  a  much  better  year  of  trade  than  1898, 
and  the  second  that  the  rate  was  ^y  per  cent,  above  the  rate  recorded 
for  Hc)mcstead  Works  in  189S,  although  the.se  w()rks  htivc  always 
claimed  to  be  at  the  top  in  the  matter  of  hiL;hly-paid  labour.     I    confess 

•Cf.  p.54. 
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my  inability  to  reconcile  the  4  dol.  rate  and  the  2  dol.  25  cent  rate 
given  by  Mr.  Carnegie,  but,  considering  the  fact  that  Mr.  Dinkey,  the 
present  superintendent  of  the  Homestead  Works,  recently  gave  the 
average  wages  paid  there  at  less  than  cither  of  these  rates,  I  must 
conclude  that  the  alleged  4-dol.  rate  calls  for  explanation. 

According  to  figures  furnished  by  the  United  Stales  Census  returns, 
the  number  of  days  of  labour  per  ton  of  ingots  at  one  British  Bessemer 
works,  was  947  per  cent,  greater,  and  at  another  32*14  per  cent,  greater 
than  in  current  American  practice,  while  Trasenster  found  that  in  1880 
the  United  States  produced  82  tons  of  steel  ingots  (both  Bessemer  and 
open-hearth),  against  48  tons  per  workman  in  Belgium,  the  proportion 
of  rails  being  in  the  former  case  ^6  per  cent.,  and  in  the  latter  725  per 
cent.  The  records  of  the  hands  employed  in  individual  works  at  the 
present  time  show  greatly  better  results  than  these,  and  in  the  cases 
of  the  Edgar-Thomson  and  Duqucsne  Works,  of  which  I  have  ob- 
tained details,  more  especially  so. 

At  the  Duqucsne  blast  furnaces,  which  are  each  100  ft.  hip^h  and 
22  ft.  bosh,  the  blast  pressure  being  15^  lbs,  and  the  temperature 
1250®  Fahr.,  the  various  groups  of  men  employed  were  given  mc 
as  follows  : — 

Hands  employed  at  Duquesne  Furnaces. 

No.  of  Hands. 
Clerical  and  mechanical— clerks,  fitters,  blowers,  moulders,  etc —         45 
Foremen,  cranemen,  coke  weighers,  labourers,  sweepers,  wheelers, 

CLx-'V  •••  •••  •••  •*•  •••  •••  •••  •••  •••  1  \J\J 

Engineers,  greasers,  boiler  house  men,  water  tenders,  helpers,  ore 

men,  water  tenders,  engine  men,  etc.          ...         ...         78 

Telegraph  operators,  draughtsmen,  master  mechanics,  police,  etc., 

debited  to  blast  furnaces                   ...         ...         ...  10 

Machinists,      machinists'      helpers,      millwrights,      electricians, 

hydraulic  workers,  repair  men         100 

Riggers,  shecters,  boiler-makers,  etc....         ...         30 

DncKidV'cr*^            *••          ...          ...           .•>           ...           ...           •  .           ...  o 

Transportation,  loading,  unloading,  and  reloading,  brakemen,  etc.  96 

Construction  men,  engaged  in  new  work      ...         ...         ...         ...  10 

Total  hands     ...         ...       477 


The  tendency  in  the  American  steel  industry  is  to  reduce  by  every 
possible  means  the  number  of  highly-skilled  men  employed  and  more 
and  more  to  establish  the  general  wage  on  the  basis  of  common  unskilled 
labour.  This  is  not  a  new  thing,  but  it  becomes  every  year  more 
accentuated  as  a  result  of  the  use  of  automatic  appliances  which  un- 
skilled labour  is  usually  competent  to  control.  In  1890,  Professor  Howe 
pointed  out*  that  "  the  average  British  Bessemer  day's  wage  of  5s.  i  i^'d. 
(given  by  Sir  L.  Bell)  is  113  per  cent,  above  that  of  labourers,  while 
at  Mugby  Junction  (a  typical  plant  whose  identity  is  concealed)  the 
average  daily  wage  is  only  64  per  cent,  above  that  of  the  lowest  grade 
of  labourers.'*  In  other  words,  according  to  this  showing,  y6  per  cent. 
more  of  the  labour  employed  in  British  works  was  skilled,  and  paid 
the  wasres  of  skilled  labour. 


■&' 
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Speaking  generally,  the  cost  of  labour  in  American  steel  works,  as 
represented  by  such  works  as  the  Edgar-Thomson  and  Joliet,  is 
2s.  4(1,  to  2s.  6d.  per  ton  of  ingots,  or,  stated  in  terms  of  labour,  which 
may  be  taken  as  los.  per  day  all  round — assuming  the  figures  publicly 
given  by  Mr.  Carnegie  and  Mr.  Dinkey  for  the  Carnegie  Company's 
plants — 4  to  44  tons  of  ingots  are  represented  by  a  day's  average 
wages  in  the  largest  plants.  Since  the  open-hearth  works  increased 
the  dimensions  of  their  furnaces,  and  made  use  of  electric  cranes  and 
charging  machines,  and  other  economies,  the  average  cost  of  labour 
in  the  largest  works  is  not  much,  if  any,  in  excess  of  that  found  in 
Bessemer  plants. 

The  average  range  of  wages  paid  at  the  blast  furnaces  of  the  United 
States  differs  a  good  deal  from  the  average  paid  at  steel  works,  as  the 
following  figures  for  1900  show  in  dollars  : — 

Average  Wages 
Total  Wages.  per  Employ^. 

Blastfurnaces        18,484,400  ...  471 

Steel  works  and  rolling  mills      ...       102,238,692  ...  558 

Here  we  have  a  difference  of  87  dols.  per  annum,  or  nearly  19  per 
cent,  more  wages,  paid  to  the  men  employed  in  steel  works. 

This  difference  is  mainly  a  function  of  the  higher  range  paid  to 
particular  classes  of  vvoi  kmen,  such  as  rollers  and  heaters.  The  American 
steel-manufacturer  has  succeeded  of  late  years  in  largely  reducing  the 
relative  numbers  of  his  skilled  and  highly-paid  hands,  and  much  more 
than  formerly  is  expected  from  them.  As  an  example  of  this  fact, 
I  may  refer  to  the  Pittsburg  works  of  the  Pressed  Steel  Car  Company, 
where  I  found  three  to  four  oien,  until  lately  quite  unskilled,  stamping 
out  h\'draulically  fifteen  "  bolsters"  per  press  per  hour,  and  where  men 
were  attending  to  two  boring  machines  at  the  same  time,  making 
themselves  responsible  for  boring  out  70  to  80  wheels  per  day  per 
man,  to  the  average  depth  of  -j  in.  Here  the  average  daily  wages 
exceed  10/-,  although  until  lately  the  men  employed  were  mostly 
agricultural  labourers. 

While  firms  in  the  eastern  and  middle  States  have  tjjreath'  eman- 
cipated  themselves  from  the  thraldom  of  the  trade  uin"ons,  I  found 
that  at  Hirmingham  (Ala.)  this  was  far  from  being  the  case,  and  that  the 
leading  firms  are  almost  at  the  beck  and  call  of  these  organisations, 
which  are  increasingl}'  aggressive.  "  We  all  recognise  "  said  one  of  the 
leading  ironmasters,  *'  that  some  day  we  must  prepare  for  a  great  struggle 
with  the  trade  unions,  who  work  here  largely  by  boycott,  and  if  their 
demands  are  not  complied  with,  threaten  to  make  it  impossible  for  us 
to  carry  on  our  business.  The  strongest  unions  are  those  of  the  building 
trades." 

Last  year  I  wrote  in  a  leading  trade  journal  the  following  observations 
on  American  labour  : — 

"  It  has  been  assumed,  and  probably  with  a  good  deal  of  truth,  that,  s(>caking 
generally,  the  American  labour  attitude  was  that  of  individualism  and  the  British 
one  of  collectivism  ;  that  the  American  workman  stood  for  himself  and  the  British 
workman  for  his  union  ;  and  that,  in  the  broad  and  abstract  result,  the  American 
aimed  at  doing  as  much  as  he  could,  in  order  that  his  position  might  be  as  far  as 
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possible  improved  thereby,  while  the  British  workman  was  held  under  the  thrall  of  a 
system  of  which  the  fundamental  and  controlling  principle  is  that  the  workman  shall 
do  as  little  as  possible,  or,  at  least,  that  there  shall  be  a  levelling  dov/n  from  the  best 
to  the  worst  capabilities  of  labour  rather  than  a  levelling  up  from  the  worst  to  the 
best  It  is  natural  that  those  who  have  been  inoculated  with  this  faith  in  the  differences 
that  distinguish  the  labour  conditions  of  the  two  countries  should  regard  with  appre- 
hension the  forthcoming  tug-of-war.  Naturally,  the  workman  who  does  his  best  is 
always  certain,  all  other  things  being  approximately  equal,  to  excel  the  man  who  does 
his  worst,  or  even  the  man  who  is  indifferent  about  doing  his  best.  The  issue  is  a 
matter  of  common  knowledge.  In  all  the  mechanical  industries,  on  which  the 
industrial  future  of  modern  countries  is  so  greatly  dependent,  the  Americans  have 
been  rapidly  «innexing  larger  and  larger  sections  of  the  field.  American  machine 
tools  are  now  to  be  found  in  almost  every  engineering  shop  of  importance,  and 
with  these  tools  British  machinists  should  do  as  well  as  the  Americans  themselves; 
which  may  be  taken  to  mean  that  the  Americans  would  have  little  chance  of  competing 
with  our  enjjineering  workshops  were  it  not  for  the  trade  union  fetish  which  ordains 
that  the  number  of  machines  that  a  workman  shall  tend  must  not  exceed  a  certain 
low  limit— often  not  more  than  one — while  no  limit  whatever  is  placed  on  the  number 
of  machine  tools  operated  in  American  workshops. 


Capital  Outs:oios:s. 

Just  at  the  time  when  the  final  sheets  of  this  Report  are  being 
sent  to  press,  I  have  received  from  the  Census  Office  a  bulletin 
containing  the  **  Preliminary  Results  of  the  Twelfth  Census  of  the 
Manufacturing  and  Mechanical  Industries  of  the  United  States."  From 
this  it  appears  that  the  total  capital  embarked  in  the  iron  and  steel 
industries  in  the  two  Census  years  1890  and  1900  was  asunder — in 
thousands  of  dollars  : — 

1890.  1900. 

Blast  furnaces      129,547  I43>i59 

Rolling  mills  and  steel  works 275,347  429,960 

Forges  and  bloomeries 876  272 


Totals 


405,770 


573091 


Here  we  have  an  increase  between  the  two  Census  years  of  41  per  cent, 
the  total  capital  embarked  in  1900  being  returned  at  about  ;^i  i5,ooo,cxx) 
sterling,  which  is  considerably  under  the  capitalisation  of  the  United 
States  Steel  Corporation  alone. 

The  Census  returns  show  that  the  outgoings  on  the  manufacturing 
of  American  iron  and  steel  works  in  the  year  1900,  compare  as  under 
with  those  of  the  Census  year  1890 — in  thousands  of  dollars  : — 


Per  rent. 

189a 

1900. 

of  total. 
1890.         1900, 

Salaries    ... 

6,462 

1 2,029 

1  '5          r6 

Wages 

...       89,274 

122,710 

202        17-1 

Materials... 

..•     327,273 

549,127 

74*2        76-6 

Other  expenses  ... 

18,215 
...     441,224 

32,5  »o 

41          4*5 

Totals 

716,376 

loo'o        908 

These  figures  show  that  of  the  total  cost  of  manufacturing  iron  and 
steel  in  the  United  States,  the  proportion  falling  to  wages  was  202 
percent,  in  1890,  and  only  171  per  cent,  in  1900,  being  a  decrease  between 
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the  two  periods  of  15  per  cent.,  coincidently,  as  we  have  seen,  with 
an  increase  of  about  i  li  per  cent,  in  the  avera^^e  wages  paid  throughout 
those  industries  as  a  whole.  On  the  other  hand,  the  proportion  of 
cost  due  to  administration — salaried  officials,  clerks,  etc. — has  gone 
up  from  I "5  to  \'6  per  cent,  of  the  whole,  and  the  proportion  due  to 
materials  has  risen  from  74*2  to  j6'6  per  cent,  of  the  whole. 

It  is  clcarlv  likelv  to  be  useful  to  British  manufacturers  to  institute 
comparisons  between  the  figures  just  given  on  the  authority  of  the 
Census,  and  those  that  arc  within  the  range  of  their  own  experience. 
Although  many  figures  of  this  sort  have  passed  through  my  hands  at 
different  times,  I  hesitate  to  build  upon  them  any  conclusions  as  to 
general  results,  knowing  how  dangerous  it  is  to  generalise  from 
imperfect  and  possibly  more  or  less  exceptional  conditions.  But  it 
will  probably  be  found  by  those  who  may  take  the  trouble  to  go  into 
this  question  that  in  the  manufacturing  of  iron  and  steel  in  Kurope,  the 
percentage  of  the  total  cost  attributable  to  labour  is  materially  in  excess 
of  the  171  per  cent,  shown  by  Census  figures  to  apply  to  the  United 
States,  despite  the  fact  that  the  nominal  rates  of  wages  take  a  consider- 
abl\'  higher  range  in  that  country.  Salaries  are  not  likely  to  vary  much 
as  between  Great  Britain  and  the  United  States. 

The  American  Steel  Output. 

The  records  of  the  output  in  the  United  States  for  the  year  1901  are 
now  complete,  excepting  only  for  crucible  steel,  and  a  wonderful  stor\' 
they  tell.  The  total  make  of  steel  for  that  year  was  13,369,611  tons, 
which  is  an  increase  of  3,2iS6,707  tons  on  the  output  of  the  previous 
year.  As  the  total  output  of  pig-iron  in  the  United  States  for  the  year 
1901  was  a  trifle  over  16  million  tons,  it  may  be  taken,  assuming  a  loss 
of  10  per  cent.,  that  about  15  million  tons  of  the  total  output  of  iron 
would  have  been  consumed  in  the  steel  industr\'  alone,  if  pig-iron  had 
been  exclusively  cmj)lo\'C(l.  But  as  a  ver\'  large  part  of  the  raw  material 
used  in  the  open-hearth  steel  industr\'  was  scrap  and  ore,  the  actual 
consumption  of  pig-iron  in  this  branch  of  the  trade  v.as  much  under  the 
quantity  of  steel  })roduccd. 

The  figures   of  the   two  great  departments  of  the   American   steel 
industr)'  compare  as  follows  : — 

Bessemer 
( )pcn-hearth 

Total...         ...         ...         ...       10,082,905  13,369,611 

It  will  be  noted  that  in  1900  the  output  of  open-hearth  steel  was  a  little 
over  one-half  of  the  total  output  b)'  the  lk\ssemer  process,  while  in  the 
year  1 901  the  out[)Ut  b\'  the  open-hearth  process  was  nearly  half  a 
million  tons  in  excess  of  a  moiet\'  of  the  whole.  This  confirms  the  pre- 
vailing idea  that  the  oi)en-hearth  is  making  greater  progress  than  the 
Bessemer  process.  At  the  same  time,  it  must  be  admitted  that  an 
increase  of  2,028,532  tons  in  one  \  ear,  which  is  the  record  of  the  Bessemer 
process  in    1901,  is  not  much  evidence  of  an  expiring,  or  even   of  a 
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seriously  declining,  system.     The  two  processes,  indeed,  have  in  the 
United  States  different  fields  which  have  more  or  less  definite  lines  of 
demarcation.     The  Bessemer  process  almost  holds  the  field  for  rails  of 
all  kinds,  and  to  a  large  extent  also  for  structural  steel.     The  open- 
hearth  process  has  its  sphere  in  the  manufacture  of  plates,  sheets,  tin- 
plate  bars,  wire  rods,  forgings,  and,  to  some  extent,  in  castings,  not  to 
speak  of  many  minor  purposes.     In  some   cases   open-hearth   steel    is 
used  for  tubes,  and  in  other  cases — as  at  the  National  Tube  Works,  at 
McKeesport — Bessemer  steel  is  largely  used  in  this  branch  of  industry. 
There  appears  to  be  no  general  consensus  of  American  opinion  in  favour 
of  the  open-hearth  as  against  the  Bessemer  process.     But  there  appears 
to  be  a  probability  that  limitations  will,  in  accordance  with  American 
practice,  be  placed  on  that  process  by  the  extent  of  available  future 
supply  of  Bessemer  ores,  which  are  already  relatively  scarce  and  dear. 
There  is,  of  course,  no  reason  why  basic  steel  should  not  be  made  by  the 
Bessemer  as  well  as  by  the  open-hearth  process,  as  it  already  has  been 
at  Troy  and  one  or  two  other  works,  and  as  it  is  now  in  this  country  at 
the  North- Eastern  and  the  Cleveland  Steel  Works  on  the  Tees- side,  as 
at  Glengarnock,  in  Scotland,  at  the  Staffordshire  Steel  Works  of  Sir 
Alfred   Hickman   &    Co.,   and   at   the    Leeds    Steel    Works.     But   the 
metallurgists  and  manufacturers  of  the  United  States  appear  to  have 
made  up  their  minds  that  the  oixin-hearth  process  is  better  suited  to 
the  use  of  basic  ores,  and  the  tendency  of  the  present  time  is  to  employ 
such  ores  almost  exclusively  in  open-hearth  practice.     The  output  of 
basic  steel  in  1901  by  that  process  was  3,618,993  tons,  against  1,037,316 
tons  by  the  acid  process,  so  that  nearly  80  per  cent,  of  the  total  open- 
hearth  output  is  basic  steel.     As  might  naturally  be  expected,  the  bulk 
of  this  basic  steel  output  is  founded  on  the  Mesaba  ores,  and  is  produced 
in  the  Pittsburg  district.     Indeed,  yS  per  cent,  of  all  the  open-hearth 
steel  output  of  the  country  is  made  in  the  single  State  of  Pennsylvania, 
which  includes  not  only  Pittsburg,  but  Philadelphia,   Harrisburg,  and 
other  important  centres  of  trade,  while  Illinois  comes  next  with  nearly 
9  per  cent,  of  the  whole,  the  bulk  of  w^hich  is  produced  in  and  around 
Chicago. 

To  compare  the  British  steel  output  with  that  of  the  United  States 
is  naturally  not  to  magnify  the  importance  of  the  British  steel  industry. 
That  industry  has  not  yet  published  its  returns  for  the  year  1901,  but 
they  are  likely  to  be  in  the  neighbourhood  of  1,760,000  tons  of  Bessemer 
steel  ingots,  and  of  3,250,000  tons  of  open-hearth  steel  ingots,  or 
5,010,000  tons  in  all,  which  is  just  about  27  per  cent,  of  the  total  of  the 
two  countries.  Until  1900  the  British  open-hearth  output  was  greater 
than  that  of  the  United  States.  Now  the  United  States  are  leading  by 
more  thajn  a  million  and  a  quarter  tons  a  year.  In  the  output  of  basic 
steel,  as  such,  the  lead  of  the  United  States  is  still  greater,  and 
amounted  in  the  open-hearth  category  to  fully  seven  times  as  much  as 
the  British  production. 

What  is  the  United  States  likely  to  do  with  its  vast  steel  output 
and  its  capacity  for  a  production  ever  so  much  greater  still  ?  The  fact 
that  the  capacity  of  the  American  Bessemer  and  open-hearth  steel 
works  at  the  end  of  1901  was  58  per  cent,  in  excess  of  the  output  of  steel 
in  that  year,  including  works  then  being  constructed,  appears  to  promise 
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a  much  greater  output  in  the  future.  That  capacity  is  returned  by  the 
American  Iron  and  Steel  Association  at  21,227,000  tons  a  year,  which 
is  about  three  million  tons  a  year  in  excess  of  the  largest  recorded 
output  in  a  single  year  of  all  the  rest  of  the  world,  and  nearly  four 
times  the  output  of  steel  by  both  processes  so  recently  as  the  year 
1896.  The  world's  demands  for  steel  have  increased  rapidly,  and  now 
truly  amount  to  a  very  considerable  figure  ;  but,  that  fact  notwith- 
standing, it  would  almost  appear  to  be  impossible  that  the  United 
States  could  consume  anything  like  their  present  capacity,  or  even 
their  present  actual  rate  of  output,  under  normal  and  ordinary  con- 
ditions. What,  then,  will  happen?  Either  the  output  must  greatly 
decline,  as  did  the  output  of  both  pig-iron  and  steel  between  1890  and 
1895,  or  the  steel  manufacturers  of  the  United  States  must  deluge  the 
world  with  steel,  at  prices  that  are  not  likely  to  be  greatly  remunerative, 
in  the  not  far  distant  future. 

British  versus  American  Conditions. 

The  allegations  of  British  backwardness  and  want  of  enterprise  are 
not  justified  to  anything  like  the  extent  that  some  notable  pessimists 
suppose.  There  are  in  Great  Britain,  to  my  knowledge,  finer  works 
in  many  branches  of  engineering  than  are  to  be  found  in  the  United 
States.  America  has  probably  no  counterpart  worthy  to  rank  with  the 
works  of  Armstrong,  Whitworth  &  Co.,  whether  at  Newcastle-on-Tyne 
or  at  Manchester.  This,  however,  is  hardly  a  concern  that  is  typical 
either  in  its  markets  or  in  the  character  of  its  productions.  There  are 
others.  What  American  works  can  compare  in  their  own  special  line 
with  the  works  of  Piatt,  at  Oldham,  and  the  works  of  Howard  & 
BuUough,  at  Accrington?  What  American  tube  works  are  better 
organised  than  those  of  Stewart  &  Menzies,  at  Glasgow,  apart  from 
mere  size  ?  What  pipe  foundries  excel  those  of  the  Stavelcy  Company? 
What  pump  works  can  claim  to  be  more  up  to  date  than  those  of 
Messrs.  Joseph  Evans  &  Sons,  at  Wolverhampton  ?  What  locomotive 
works  are  better  equipped  than  those  of  Ncilson  &  Dubs,  at  Glasgow? 
And  so  in  many  other  branches  of  the  iron  and  engineering  industries. 

Not  only  can  Great  Britain  make  claims  for  her  principal  works,  such 
as  those  referred  to,  but  those  claims  are  likely  to  be  emphasised  by 
the  new  plants  now  being  constructed  to  deal  with  those  industries 
enumerated.  The  new  works  of  the  Wcstinghouse  Electric  Company, 
at  Manchester,  or  of  the  Thomson- Houston  Company,  at  Rugby,  are 
cases  in  point ;  and  at  Rugby,  also,  are  the  magnificent  new  engine 
works  of  Willans  &  Robinson,  of  which  it  may  at  once  be  said  that 
it  would  be  hard  to  go  one  better.  Most  of  our  great  industrial  centres 
can  claim  similarly  model  establishments.  Those  we  have  named  are 
only  put  forward  as  types — not,  of  course,  of  the  rank  and  file,  but  of 
the  best  of  their  kind,  although  they  are  far  from  being  alone. 

Then,  again,  what  lack  of  enterprise  is  shown  on  the  part  of  the 
leading  firms  in  the  steel  trade  who  have  taken  up  the  Talbot  and 
Bertrand  Thiel  processes  ?  At  the  time  of  my  visit  to  the  States  only 
one  firm  had  actually  started  the  Talbot  process,  and  none  that  I  heard 
of  had  essayed  the  other.  A  second  Talbot  furnace  was  then  being 
erected.     In   this  country,   the    Erodingham,    Dowlais,  and   Wcardale 
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Companies  are  adopting  the  Talbot  process,  and  I  am  informed  that 
two  other  firms  are  proceeding  to  instal  the  rival  process,  while  the 
Monell  process  has  also  been  adopted  on  Tees-side. 

The  conclusion  to  be  drawn  from  the  recent  attitude  of  British  iron 
and  steel  manufacturers  in  regard  to  new  improvements,  appears  to  me 
to  be  favourable  to  the  future  of  those  industries.  Probably  no  authori- 
ties have  taken  greater  pains  to  inform  themselves  as  to  that  future, 
as  liable  to  be  influenced  by  American  competition,  than  those  who  have 
been  concerned  in  the  recent  consolidations  in  South  Wales.  Have 
these  gentlemen  s*at  down  and  folded  their  hands  despondingly  ?  H^Ve 
they  not  been  stimulated  by  what  they  saw  and  learned  in  the  United 
States  to  take  steps  which  implied  a  large  amount  of  confidence  in  the 
future  ?  And  is  not  the  same  inference  justified  by  similar  action  on 
the  part  of  many  other  leaders  of  the  trade,  including  those  responsible 
for  the  destinies  of  that  almost  historic  corporation — the  Weardale 
Steel,  Coal  and  Coke  Company  ? 

I  think  there  is  some  reason  for  believing  that  British  manufacturers 
sometimes,  and  perhaps  frequently,  adopt  rather  pessimistic  views  of 
circumstances  that  their  American  rivals  would  deem  not  unfavourable. 
Take,  for  example,  the  case  of  the  Cleveland  district  (North  Yorkshire). 
In  a  letter  sent  in  July,  1901,  to  the  Iron  and  Coal  Trades  Rcciew^ 
Mr.  A.  F.  Pease,  of  Darlington — a  director  in  the  firm  of  Pease  & 
Partners — argued  that  the  supply  of  best  ironstone  in  that  district  was' 
limited  to  from  60  to  70  million  tons,  and  that  the  life  of  this  descrip- 
tion would  not  be  likely  to  exceed  seventeen  years  at  the  then  rate  of 
exhaustion,  although  there  are  practically  unlimited  supplies  of  "shale" 
ironstone,  varying  from  25  per  cent,  to  29  per  cent,  of  iron,  on  which 
in  the  future  the  furnaces  producing  Cleveland  iron  must  mainly 
depend.  Mr.  Pease  made  this  fact  the  basis  of  a  calculation  which 
resulted  in  showing  that  the  cost  of  producing  Cleveland  iron  could  not 
be  expected  to  fall  below  £2  4s.  8d.  per  ton,  but  his  figures  assumed  the 
cost  of  coal  per  ton  of  coke  to  be  5s.  6d.,  whereas  official  returns  show 
that  it  has  for  long  periods  been  under  that  amount  ;  that  60  per  cent, 
was  the  yield  of  coke  per  ton  of  coal,  whereas  by-product  ovens  are 
stated  to  yield  over  70  per  cent,  and  to  give  by-products  worth  is.  6d.  to 
2s.  6d.  per  ton  in  addition  ;  that  24  cwts.  of  coke  per  ton  of  pig 
was  necessary,  which  is  hardly  in  accordance  with  recent  theories  of 
calorific  value;  that  is.  per  ton  of  pig  had  to  be  expended  on  coal  at 
the  furnace ;  and  that  T^,  per  ton  was  the  irreducible  minimum  cost  per 
ton  of  pig  for  wages,  standing  charges,  salaries,  and  repairs.  The 
attitude  adopted  by  American  ironmasters  in  such  circumstances  may 
be  typified  by  a  statement  recently  made  by  Mr.  C.  KirchhofiT,  of  the 
Iron  Age^  who,  after  going  over  some  of  the  leading  mines  and  works  in 
the  Cleveland  district,  declared  that  under  favourable  conditions  pig- 
iron  could  be  made  there  for  about  30s.  per  ton — as,  indeed,  I  am 
correctly  informed,  it  has  been  in  the  not  very  remote  past.  I  would 
not  for  a  moment  presume  to  suggest  that  the  ironmasters  of  Cleveland 
require  the  guidance  of  any  outsiders  in  the  conduct  of  their  affairs. 
That  is  a  very  different  matter  from  an  attitude  of  mind  as  to  the  future, 
which,  if  unduly  indulged,  may  tend  to  indispose  those  who  hold  it 
from  making  the  most  that  is  possible  of  their  conditions. 
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Continental  Conditions. 

Having  said  so  much  as  to  the  aspects  presented  by  a  comparison 
of  American  and  British  conditions,  it  may  be  interesting  if,  before 
closing  this  Report,  I  say  something  as  to  the  comparative  circumstances 
of  the  most  important  centres  of  the  iron  industry  of  Continental 
Europe.  These  are  Alsace-Lorraine  and  Luxembourg,  which,  with  the 
district  of  the  Meurthe-et-Moselle,  situated  close  by,  produce  almost 
as  large  a  volume  of  iron  ore  as  that  raised  in  the  Lake  Superior 
region.  No  other  part  of  the  world  presents  a  counterpart  to  the 
advancement  of  the  United  States  equal  to  that  of  this  notable  region. 
Such  has  been  the  appreciation  of  the  resources  of  this  centre,  that 
in  Alsace-Lorraine  the  value  of  the  concessions  of  iron  ore  has  greatly 
improved  during  recent  years,  as  elsewhere.  According  to  a  recently- 
publishe<l  statement,  the  value  of  a  hectare*  of  iron  ore  lands  on  the 
plateau  of  Aumetz  was  £^0  to  £'j^  about  1892  ;  £\2^  to  £\^o  in 
1894;  ;{*250  in  1896;  and  i,*500  in    1899. 

It  is  estimated  that  there  are  on  the  plateau  of  Aumetz  12,198 
hectares  of  iron  ore  lands  available,  of  which  some  3,585  hectares, 
which  constitute  the  prolongation  of  the  bearing  of  Ksch-sur-Alzette, 
contain  ab(^ut  250,000  tons  of  ore  per  hectare,  or  about  896  million 
tons  in  all.  Assuming  that  the  remaining  8,61 3  hectares  contain  100,000 
tons  per  hectare,  the  total  quantity  left  on  the  plateau  of  Aumetz 
would  work  out  to  1,75/^  million  tons,  and  it  has  been  computed  that 
the  i>thcr  iron  ore  deposits  found  between  the  plateau  of  Aumetz  and 
that  \>i  the  Orne  contain  725^  million  tons  more,  which  supports  the 
vHMulusii^n  that  the  entire  iron-bearing  region  of  German  Lorraine, 
cxtcndin^^  from  the  north  of  the  Orne  to  Luxembourg,  can  furnish  a 
tv*t%d  i»f  2i  milliards  (exactly  some  2,483  million  tons)  of  iron  ore, 
\ai\'inii  iVom  2S  to  35  per  cent,  in  metallic  richness,  and  often  running 
tv»  a  thuknoss  kA   tour  metres.     These  are  all  metrical  tons  of  2,204  lbs. 

Thv*  \\h\»lr  i>r  the  most  valuable  of  the  ascertained  ore  lands  have. 
ah\\ul\  Wkw  taken  up  by  three  groups  of  j)roprietors.  The  first, 
knvwn  a^  ihr  i^ioup  of  Ik'lgian,  French,  and  Luxembourg  owners,  had, 
al  i^  uvAMil  dato.  aaiuircd  2,963  hectares;  the  second,  the  owners  of 
Vikunau  vwiks  iMi  the  Saar  and  the  Moselle,  had  acquired  19,701 
Ik\  Uuv  •.  .  aiul  tlu*  thirtl,  the  group  of  owners  of  works  on  the  Rhine 
atui  m  W  v'^tphalia,  had  acquired  7,060  hectares.  This  left  about 
ii.(».j'  luvlau'A  to  be  diviticd  among  owners  who  were  not  also  iron- 
luaavJ  ..  aiul  \\lu»,  in  sonic  cases,  had  taken  up  the  concessions  for 
«uvul\    .[Kvulatuv*  purposes. 

\\w  Wwwxw  oir  district  of  Lorraine  and  Luxembourg  has  made 
\vi\  uqMd  |Mvv,u*^^  vUuing  rcccut  \cars.  In  1872  the  total  output  of 
ihi^  ivx'v'ii.  iiKUulin;.;  Luxembourg,  was  only  2,865,000  tons.  In  1890 
\\\\^  ouipul  \\A\\  tvcn  increased  to  nearl\'  8  millions  ;  in  1895, 
U>  \\\  luilhv'n.N  .  m  iSo<).  to  about  17  millions;  in  1900  to  about 
is'vj.  luilhon-*  I  \ve[»lmg  the  Lake  Superior  region,  therefore, 
ihi:*  l^  iIk*  i^icalv'^l  uv>n  i>re  i)roducing  region  in  the  world.  The 
a\eiai;c  ^aUu'  v»i  the  ore  output  of  this  region  at  the  place 
oi    piv.^luvUou    :.^    viIkhu     js.    3d.    per    ton.t      Assuming    the    average 

'    lu  tgv*.>   '>c    'UKi^i*  wiluvN  wcK'  2'S7n.   for   Lorraine,  and  2 •24s.  for  Luxembourg,  but 
\n.i\\\  s%viv  .iU»\v;  ibv  .uvio^^c  »u  ih»U  aikI  ihc  lwi>  previous  years. 
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content  of  the  ore  to  be  32  per  cent,  of  iron,  this  would  give  an 
average  of  0'84d.  per  unit  at  the  mine.  This  is  probably  the  lowest 
price  in  Europe  for  ores  produced  on  a  large  scale,  and  it  compares 
most  favourably  with  the  value  of  the  iron  ores  furnished  by  the  Lake 
Superior  ranges,  the  average  of  which  for  the  year  1900  I  have 
ascertained  from  Mr.  Swank's  Report  to  have  been  about  20s.  per  ton 
delivered  at  Cleveland,  on  Lake  Erie,  whence  the  av'erage  distances  to 
the  blast  furnaces  will  not  be  greatly  different  to  that  traversed  by 
the  ores  produced  in  Lorraine  and  Luxembourg,  although  the  American 
rates  of  transport  are  below  any  known  in  Europe  on  a  large  scale.* 

The  Lorraine  region,  like  the  Mcsaba  range  on  Lake  Superior,  can, 
and  does,  yield  very  cheap  ores.  The  Mesaba  ores  have  been  mined 
for  10  to  15  cents  per  ton,  and  even  less;  and  in  Lorraine  the  cost 
of  tunnel-mined  ores  has  been  as  low  as  lod.  per  ton.  The  cost  of 
producing  pig-iron  with  the  conditions  appertaining  to  these  two  regions 
and  that  of  the  Cleveland  district  in  England,  may  be  computed  from 
the  fact  that  the  Minette  ores  of  Alsace  and  Luxembourg  per  ton  of  pig- 
iron  cost  only  about  6s.  at  the  mine,  against  los.  6d.  to  12s.  for 
Cleveland  ores,  and  12s.  to  20s.  for  Lake  Superior  ores,  similarly 
estimated.  The  conditions  of  assemblage  at  the  blast  furnaces  differ 
greatly.  In  the  Cleveland  district  the  cost  of  assembling  the  ores  varies 
from  5s.  to  6s.  6d.  per  ton  of  pig ;  in  Alsace-Lorraine  the  cost 
varies  from  7s.  gd.  for  furnaces  near  at  hand,  to  21s.  for  furnaces  in 
Westphalia  ;  and  in  the  United  States  the  Lake  Superior  ores,  as  we 
have  seen,  cost  for  transport  to  Pittsburg,  the  chief  centre  of  con- 
sumption, from  8s.  to  12s.,  according  to  the  period  and  location.  The 
Cleveland  district  is,  however,  nearer  to  the  fuel  supplies  than  any 
other  district  of  equal  importance,  although  some  blast  furnace  plants 
near  Saarbriick  run  Cleveland  pretty  close. 

So  far  as  Luxembourg  is  concerned,  the  quantity  of  iron  ore 
assured  to  the  furnaces  actually  in  existence,  was  computed  in  1898 
at  13s  years,  or  a  total  supply  of  177  millions  of  tons,  assuming  an 
average  of  100,000  tons  per  hectare.  The  selling  price  of  ore  at  the 
mine  varies  from  i  franc  80  cents  to  3  francs  per  ton,  in  normal  time 
(say  IS.  9d.  to  2s.  6d.). 

The  variations  in  the  value  of  iron  ores,  apart  from  those  of  foreign 
origin,  are  considerably  greater  in  the  case  of  the  United  States  than 
in  the  Cleveland  district,  or  the  districts  of  Alsace,  Luxembourg,  and 
the  Meurthe-et- Moselle. 

■a 

The  Foreign  Trade  Outlook  of  the  United  States. 

The  attitude  of  American  manufacturers  in  relation  to  the  British 
markets  of  the  near  future  may  be  regarded  as  typified  by  the  following^ 
extract  from  a  recent  article  in  the  Bulletin  of  the  American  Iron  and 
Steel  Association,  referring  to  an  article  that  had  appeared  in  the  Iron 
and  Coal  Trades  RevieiL'  of  March,  1902,  in  which  the  progress  of 
improvements  in  British  iron-making  and  steel-manufacturing  plants  was 
referred  to : — 

•  I  have  taken  the  year  1900  for  both  Lake  Superior  .and  Lorraine  ores,  but  in  that  year 
the  value  was  materially  higher  than  in  either  1899  or  1901 . 
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"The  above  article,"  it  was  remarked,  "  is  worthy  the  serious  attention  of  American 
iron  and  steel  manufacturers.  It  will  be  only  a  few  years,  possibly  only  one  vear, 
until  our  British  competitors  will  have  many  furnaces  built  and  operated  upon 
American  lines.  With  their  cheaper  labour  there  viill  then  be  little  room  in  British 
markets  for  American  pig-iron,  and  in  neutral  markets  our  pig-iron  makers  will  have 
sharper  competition  than  they  have  recently  had.  And  Germany,  too,  will  have  a 
hand  in  this  competition.  Its  pig-iron  manufacturers  have  already  studied  and  copied 
our  best  furnace  practice.  And  so  of  other  branches  of  iron  and  steel  manufacture. 
Europe  will  not  long  content  itself  with  the  old  and  expensive  methods.  Our  people 
simply  deceive  themselves  if  they  think  that  the  world's  markets  for  iron  and  steel  are 
hereafter  to  be  within  their  grasp.  The  activity  in  our  export  trade  in  iron  and  steel 
in  the  last  few  years  was  exceptional  and  abnormal  and  cannot  be  continued.  Not 
only  will  Europe  adopt  our  methods  but  it  will  always  have  cheap  labour.  Again  we 
say,  ^s  we  have  frequently  said,  that  the  home  market  is  our  best  market  and  that  it 
should  be  carefully  guarded.  Whoever  says  that  our  iron  and  steel  industries  no  lon^jer 
need  protection  does  not  realise  what  fierce  competition  in  our  own  markets  a  reduc- 
tion ofeven  50  per  cent,  in  our  iron  and  steel  duties  would  bring.  He  is  helping  ihc 
free  trade  enemy  to  break  down  needed  protection." 


The  Editor  of  the  Bulletin  of  the  American  Iron  and  Steel  Association, 
referring  to  the  fact  that  in  the  eight  months  ended  with  and  including 
February  last,  the  American  imports  of  iron  and  steel  had  increased 
from  110,830  tons  to  197,138  tons,  while  the  corresponding  exports  had 
decreased  from  861,583  tons  to  353,202  tons,  remarks  that  these  figures 
"  are  of  great  significance.  The  reader  will  note  the  great  increase  in 
our  imports  of  iron  and  steel  in  these  eight  months  and  the  very  great 
decrease  in  our  exports  in  the  same  period.  Imports  increasing  and 
exports  decreasing  rapidly,  and  yet  there  are  good  people  who  think 
that  *  it  would  do  no  harm  '  to  reduce  or  wholly  repeal  our  iron  and  steel 
duties.  It  would  certainly  *  do  no  harm '  to  European  iron  and  steel 
manufacturers." 

During  my  stay  in  the  United  States,  I  found  that  the  iron  trade 
generally  was  giving  very  little  attention  to  foreign  business,  and  that  nc 
one  appeared  to  think  that  there  would  be  iron  or  steel  to  spare  for 
export  for  at  least  twelve  months  to  come.  This  anticipation  has  so  far 
been  realised  during  the  year  1902.  Not  only  have  American  manu- 
facturers been  unable  to  provide  for  home  needs,  but  they  have  been 
compelled  to  import  considerable  quantities  of  pig-iron,  billets,  and  other 
products  from  Europe,  and  it  is  regarded  as  probable  that  this  demand 
for  foreign  products  will  increase.  It  is  believed  that  in  the  first  three 
months  of  1902  the  consumption  of  the  United  States  has  been  at  the 
rate  of  17  million  tons  of  pig-iron  per  annum,  or  nearly  three  times  the 
actual  rate  of  consumption  in  the  year  1894. 


Throug:h  Bills  of  Lading. 


In  the  path  of  reform  a  matter  of  not  inconsiderable  importance  is  the 
facilities  which  the  American  exporter  possesses,  and  which  the  British 
exporter  ought  to  possess,  for  through  bills  of  lading.  The  Merchants 
Association  of  New  York,  with  whom  we  had  a  useful  consultation, 
informed  us  that  they  found  these  facilities  most  valuable  in  enabling 
them  to  quote  the  exact  cost  at  which  any  particular  consignment  could 
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be  delivered  at  any  particular  port  in  almost  any  part  of  the  world. 
The  machinery  provided  by  railroads  and  transportation  companies  in 
the  United  States  for  thus  simplifying  international  transactions  appears 
to  be  very  complete,  and  it  possesses  obvious  advantages  over  what  I 
believe  is  the  general  system  practised  in  Great  Britain  of  making  quota- 
tions f  o.t.  at  works,  or  f.o.b.  at  ports,  or  at  the  best  c.i.f.  at  a  foreign  port, 
whence  the  remaining  freight  has  to  be  ascertained  for  himself  by  the 
consignee. 

Duration  of  Boom  of  1898-1900. 

It  is  of  importance  to  the  iron  trade  on  both  sides  of  the  Atlantic  to 
be  able  to  diagnose  as  far  as  possible  the  duration  of  the  present  boom 
in  the  American  iron  trade.  Such  diagnosis,  however,  cannot  even  be 
attempted  without  a  preliminary  ascertainment  of  the  causes  of  the  boom. 
Is  it  chiefly  due  to  the  increasing  substitution  of  steel  for  other  materials 
— such  as  steel  for  timber  in  car  and  in  building  construction  ?  Or  is  it 
due  to  the  expansion  of  the  railway  system  on  an  unprecedented  scale ; 
to  the  growing  needs  of  general  industry  in  such  large  sources  of  demand 
as  pipe  lines,  electrical  equipment,  and  kindred  uses?  Whatever  the 
main  sources  of  this  extraordinary  demand  may  otherwise  be,  it  is  impor- 
tant to  bear  in  mind  that  a  large  part  of  it  is  due  to  the  activity  recently 
and  at  present  prevailing  in  equipping  new  plants  and  old  for  an  extended 
scale  of  production — not  in  the  iron  and  steel  industries  only,  but  in 
every  other  branch  of  mining  and  manufacture.  Can  this  phenomenal 
expansion  of  industrial  resources  proceed  much  farther  without  a  check  ? 
That  is  the  problem,  the  solution  of  which  is  of  most  immediate  and  most 
anxious  concern. 

Closely  allied  to  this  problem  is  the  equally  pressing,  and,  to  Great 
Britain  at  all  events,  engrossing  problem  of  what  is  likely  to  happen 
when  the  boom  of  the  last  three  years  has  come  to  an  end  ?  We  shal  1 
then  be  likely  to  witness  such  a  battle  of  giants  as  probably  never 
before  has  taken  place  in  the  records  of  industry.  It  is  difficult  to 
believe  that  the  United  States  in  times  of  depression  can  find  employ- 
ment for  much  over  one-half  of  the  vast  productive  capacity  which  has 
been  described  in  these  pages,  and  that  now  being  provided  for.  This 
conclusion  is  fully  justified  by  the  experience  of  the  past.  We  are  apt 
to  forget  that  it  is  not  more  than  eight  years  since  the  pig-iron  con- 
sumption of  the  United  States  fell  to  little  over  seven  million  tons  a 
year,  or  considerably  less  than  one-half  of  that  of  to-day.  If  a  pro- 
ductive capacity  of  24,000,000  to  26,000,000  tons  of  pig-iron  were 
brought  face  to  face  with  a  demand  for  only  one-third  of  that  quantity, 
with  a  corresponding  relation  of  demand  to  capacity  in  all  other 
branches  of  the  iron  and  steel  industries,  some  strange  things  would  be 
likely  to  happen. 

It  will,  of  course,  be  understood  that  when  the  capacity  of  the  iron 
and  steel  works  of  the  United  States  is  referred  to,  it  is  not  intended  to 
imply  that  there  is  any  chance,  under  any  conceivable  circumstances,  of 
that  capacity  being  fully  utilised  at  the  same  period.  In  all  iron-making 
countries  there  is  always  a  certain,  and  in  most  cases  a  considerable, 
proportion  of  the  existing  plant  that  neither  is,  nor  can  be,  utilised  for  a 
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variety  of  causes.  In  the  particular  case  of  the  United  States,  as, 
indeed,  would  happen  in  our  own  country,  the  full  capacity  of  the  pig- 
iron  making  plants  is  always  subject  to  a  reduction  of  at  least  lO  per 
cent,  for  plants  undergoing  repairs  or  reconstruction,  and  then  there  is 
always  more  or  less  uncertainty  as  to  the  available  supply  of  iron  ores, 
which  are  not  unlimited  in  any  country — not  even  in  the  United  States. 
At  the  same  time,  it  need  hardly  be  added  that  the  plants  of  the  United 
States  were  never  in  such  a  generally  high  condition  of  efficiency  as 
they  are  to-day.  The  ineffective  and  uneconomical  plants  have  been 
rapidly  and  largely  eliminated  during  recent  years,  so  that  none  can 
now  hope  to  maintain  its  ground  unless  it  has  some  claims  to  be  up  to 
date,  and  least  of  all  in  the  centres  that  have  alone  been  deemed  entitled 
to  consideration  in  this  Report. 

Output  in  Relation  to  Hands  Employed. 

The  output  of  iron  and  steel  relatively  to  the  number  of  hands 
employed  in  the  American  iron  industry  can  be  approximately  com- 
puted from  the  Census  returns,  and  a  very  interesting  record  it  is. 
For  the  year  1900  the  average  output  of  pig-iron  per  man  employed 
at  the  blast  furnaces  was  354  tons,  while  for  the  year  1890 — the 
year  when  the  Iron  and  Steel  Institute  visited  the  United  States — 
the  average  output  of  pig-iron  per  worker  was  275  tons,  showing 
between  the  two  periods  an  increase  of  79  tons.  This,  however,  is  a 
small  advance  compared  with  that  realised  in  some  individual  cases. 
At  the  Duqucsnc  Works  of  the  Carnegie  Steel  Company,  for  example, 
I  ascertained  from  Mr.  Hunt,  the  general  superintendent,  that  the 
total  number  of  hands  employed  was  477,  and  as  the  capacity  of  the 
blast  furnaces  is  fully  620,000  tons  a  year,  the  average  annual  output 
per  employe  at  the  furnaces  comes  out  at  about  1,300  tons. 

The  Census  returns  make  it  clear  that  while  between  1890  and  1900 
there  was  an  increase  of  79  tons,  or  about  29  per  cent,  in  the  average 
output  of  pig-iron  per  employe,  at  American  blast  furnaces,  in  the 
same  period  there  was  an  increase  of  approximately  ^y  per  cent,  in  the 
average  output  of  rolled  products — finished  iron  and  steel  of  all  kinds, 
(including  rails)  passed  through  rolling  mills,  which  practically  means 
all  the  finished  iron  and  steel  produced  except  such  relatively  small 
quantities  as  are  used  in  the  manufacture  of  castings,  or  other  pro- 
ducts not  rolled. 


Increase  in  the  Size  of  Plants. 

The  increase  in  the  average  dimensions  of  the  American  iron-  and 
steel-making  establishment  is  patent  to  all  who  have  taken  note  of 
the  recent  progress  of  that  industry,  but  the  facts  are  brought  home 
to  us  in  a  more  or  less  concrete  form  by  the  Census  figures,  which  show 
that  in  1890  the  average  capital  expenditure  on  each  of  the 
719  establishments  then  engaged  in  those  industries  was  563,000  dols., 
whereas  in  1900  the  average  of  the  725  similar  establishments  recorded 
for  the  country  as  a  whole  was  800,000  dols.,  being  an  average  increase 
of  43  per  cent,  within  the  ten  years'  interval. 
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This  increase  in  the  average  capitalisation  of  the  iron  and  steel 
•works  of  the  United  States  clearly  implies  that  in  the  future  it  will  be 
increasingly  difficult  for  men  of  limited  means  to  embark  successfully 
in  the  iron  trade  of  that  country.  If  the  tendency  to  increase  the 
dimensions  of  such  works  should  continue,  there  will  be  likely  to  go 
along  with  it  the  conjoint  movement  of  concentration  of  plants,  which 
must  ultimately  place  the  control  of  the  trade  in  fewer  hands.  This 
process  accords  with  all  the  teachings  and  experience  of  political 
•economy.  Every  economist,  from  the  days  of  Adam  Smith  onwards, 
has  inculcated  the  advantages  of  production  on  a  large  scale.  In  the 
United  States  it  is  likely  to  become  the  fundamental  law  upon  which 
not  only  success,  but  very  existence  is  founded. 

It  may  be  said  that  such  concentration  as  would  deprive  the  man  of 
modest  means  from  being  able  to  engage  in  manufacturing  industry, 
must  still  be  a  long  way  off,  when  there  arc  now  725  establishments  in 
the  United  States  engaged  in  the  iron  and  steel  industries.  But  many 
of  these  establishments  are  in  out-of-the-way  localities,  and  engaged 
•only  in  providing  for  local  wants,  while  another  large  proportion  is 
controlled  by  one  or  other  of  the  half-dozen  or  so  of  consolidations, 
like  the  United  States  Steel  Corporation,  which  have  already  done 
so  much  to  accentuate  the  movement  towards  larger  units  of 
production. 

Some  Local  and  Municipal  Conditions. 

The  social  and  municipal  surroundings  of  the  industrial  centres  of 
the  United  States  generally  leave  a  good  deal  to  be  desired.  Take  Pitts- 
burg as  a  case  in  point.  Here  the  water  supply  is  very  bad,  as  it  is 
also  in  Philadelphia,  and  in  most  of  the  other  large  cities.  Good  water 
supply  is  an  exception.  Bridges,  essential  to  the  convenience  of  everybody, 
are  often  in  the  hands  of  private  parties.  Railway  companies  possess 
franchises  which  enable  them  to  run  their  trains  through  the  principal 
streets,  to  the  obvious  detriment  of  public  interests.  Generally  speaking, 
the  condition  of  the  streets  in  regard  to  paving  and  cleanliness  is  utterly 
bad.  The  drainage  is  usually  more  or  less  imperfect.  Municipal 
administration  is  neglected  by  the  most  capable  and  distinguished  men. 
Learned  leisure  is  almost  unknown.  The  man  who  is  not  actively 
engaged  in  business  is  apt  to  be  regarded  as  a  loafer.  P^or  many  the 
pace  is  too  hard.  Allegheny  City,  which  is  practically  Pittsburg,  is 
notorious  for  the  large  number  of  cases  of  self-destruction,  and  is  known 
as  "  the  Suicide  City."  All  this  has  to  be  offset  against  the  higher 
wages  and  more  comfortable  conditions  of  living  which  American  work- 
men generally  enjoy. 

In  a  good  many  cases,  also,  the  working  men  have  to  put  up  with  poor 
dwellings,  unsanitary  surroundings,  unhealthy  factories,  and  conditions 
generally  that  do  not  make  for  comfort.  But  a  higher  ideal  is  in  many 
cases  being  set  up  by  both  employers  and  workmen,  and  in  some  cases 
has  been  realised.  I  have  seen  no  workman's  city  in  Europe  nearly  so 
perfect  as  Vandergrift,  although  I  have  examined  Krupp's  Colonies  at 
Essen,  Pullman's  model  town  near  Chicago,  Saltaire  in  England,  Creusot 
in    France,   Menier\s    Workmen's    Colony    near     Paris,     and    similar 
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model  communities  elsewhere.  Here  water  supply,  sanitation,  the  laying 
out  of  the  landscape,  the  character  and  arrangement  of  the  workmen's 
dwellings,  the  means  of  wholesome  recreation,  the  absence  of  temptations 
to  insobriety  and  vice,  and  the  aid  afforded  to  the  leading  of  healthy, 
self-respecting  lives,  are  all  more  or  less  unique.  And  I  have  noted  that 
the  splendid  example  set  by  my  friend  Mr.  George  G.  McMurtry  at 
Vandergrift,  has  been,  or  is  being,  more  or  less  followed  elsewhere,  the 
latest  example  of  the  kind  being  that  of  the  Steel  Corporation,  which, 
in  offering  a  large  area  of  land  near  the  Homestead  Steel  Works,  at 
Pittsburg,  for  building  workmen's  dwellings,  have  laid  down  rules 
designed  to  make  a  model  community,  including  the  provision  that  the 
houses  shall  be  of  a  certain  size  and  built  in  conformity'  with  regulations 
adapted  to  secure  comfort  within  and  a  good  appearance  without,  while 
the  sale  of  spirituous  liquors  is  entirely  prohibited. 


SECTION    XII. 

CHAPTER   XXVI. 

The  Canadian   Iron  and  Steel   Industries  and 
Canadian  Competition. 


The  Dominion  Iron  Companj'. 

At.THOUGH  Canadian  works  and  operations  were  not  included  in  our 
terms  of  reference,  I  have  thought  that  it  would  hardly  be  consistent 
with  a  reasonable  presentation  of  the  facts  of  foreign  competition  if  ive 
omitted  all  mention  of  the  new  iron  industry  that  has  recently  come 
into  existence  in  Nova  Scotia,  mainly  through  the  enterprise  of  the 
Dominion  Iron  and  Steel  Company.     Many  different  and  widely  con- 
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dieting  statements  have  been  made  as  to  the  low  costs  at  which  this 
company  can  manufacture  both  pig-iron  and  steel.  The  company 
possess  coalfields  in  Nova  Scotia,  and  iron  ore  fields  in  Newfoundland, 
and  the  cost  of  mining  and  assembling  the  raw  materials  is  no  doubt 
unusually  low.     Mr.  Moxam — the    joint  promoter   with    Mr.    H.    M. 
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Whitney,  of  this  great  enterprise — has  estimated  the  cost  of  producing 
pig-iron  at  the  company's  works  at  Sydney,  C.B.,  at  5  dols.  50  cents,  or 
22s.  I  id.  per  ton,  of  which  he  assigns  i  dol.  80  cents  severally  to  the  ore 
and  the  fuel,  and  j  dol.  50  cents  to  labour,  repairs  and  incidentals. 
The  cost  of  steel  blooms  is  estimated  on  the  same  authority  at  11  dels. 
25  cents  per  ton,  or  47s.,  which  is  materially  under  any  estimate  I  met 
with  in  the  United  States,  and  which  I  should  venture  to  regard 
as  below  the  figures  likely  to  be  averaged  over  a  term  of  years. 

The  Recent  Growth  of  the  Iron  Indii5try  of  Canada. 

Canadian  iron  has  been  a  plant  of  extremely  slow  growth.  It  is 
now  nearly  fifteen  years  since  I  was  first  waited  upon,  in  London,  by  a 
Canadian  gentleman,  who  had  slcquircd  a  number  of  coal  lands  and  iron 
fields  in  Pictou  County,  Nova  Scotia,  with  the  object  of  establishing  a 
large  company  to  carry  on  the  manufacture  of  iron  and  steel.  He 
made  a  vigorous  attempt  to  found  such  a  company,  got  up  a  prospectus, 
secured  promises  from  several  well-known  capitalists  to  act  as  directors, 
-and  appeared  otherwise  likely  to  .succeed  in  his  aims,  when  a  check 
occurred  and  thwarted  all  his  plans,  so  that  the  company  never  saw  the 
light.  The  progress  made  since  then  was  until  the  year  igoo  incon- 
siderable. Five  years  ago  the  total  output  of  Canadian  pig-iron  was 
only  37,829  tons.  In  the  same  year  the  total  output  of  Canadian  steel 
was  only  16,000  tons.*  For  some  years  past  there  has  been  a  limited 
output  of  steel  rails,  which  reached  700  tons  in  1900.  The  other 
productions  in  steel  arc  structural  shapes,  cut  nails,  plates  and  sheets, 
and  billets. 

In  1900,  the  start  made  by  the  Dominion  Company,  and  by  oneor 
two  other  concerns,  induced  a  considerable  increase  of  output  of  both 
pig-iron  and  steel.  In  the  first  half  of  1901,  the  output  of  pig-iron  was 
95,024  tons,  which  was  more  than  the  total  output  of  any  previous  year. 
The  total  production  of  steel  in  the  same  period  is  not  known,  but  the 
make  in  1900  was  23,577  tons. 

At  the  end  of  1900,  there  were  10  completed  furnaces  in  Canada. 
At  the  present  time  there  arc  14,  including  the  four  erected  by  the 
Dominion  Company.  These  four  furnaces  are  estimated  to  be  equal  to 
an  output  of  about  500,000  tons  a  year. 

The  total  number  of  rolling  mills  and  steel  works  in  Canada  at 
present  is  18  completed,  and  two  in  course  of  construction. 

The  total  capacity  of  the  blast  furnaces  now  built,  or  being  built,  in 
Canada  is  trstiniatcd  by  Mr.  Swank  at  1,090,000  tons,  or  more  than 
twenty  times  the  output  of  pig-iron  in  the  Dominion  five  years  aga 
The  total  capacity  of  the  rolling  mills  is  estimated  at  981,000  tons;  of 
Bessemer  steel,  at  361,400  tons;  of  open-hearth .  steel,  537,000  tons; 
and  of  steel  ingots  and  castings,  838,000  tons. 

This  remarkable  development  is  one  that  the  iron  trade  of  Great 
Britain  cannot  afford  to  ignore — especially  in  view  of  the  fact  that  the 
total  present  consumption  of  iron  and  steel  in  Canada  is  not  quite 
half  a  million  tons. 

•  These  and  oihcr  figures  are  given  on  the  authority  of  Mr.  Swank  *s  Annual  Reports  to  the 
American  Iron  and  Steel  Association. 
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The  iron  ore  resources  of  Canada,  whatever  they  may  be  worth, 
are  clearly,  as  yet,  almost  virgin  in  character.  When  I  visited  the 
Dominion  in  1890,  in  charge  of  a  contingent  of  the  Iron  and  Steel 
Institute,  I  had  the  opportunity,  at  a  banquet  given  to  us  in  Montreal, 


of  an  interview  with  the  late  Sir  William  Dawson,  the  principal  of  the 
McGill  University  there,  who  was  a  distinguished  geologist,  and  who 
spoke  with  confidence  as  to  the  future  of  Canada  as  an  iron-making 
country,  basing  his  judgment  on  his  knowledge  of  the  coal  and  iron 
ores  available,  and  especially  in  \ova  Scotia.  Newfoundland  at  that 
time  was  hardly  thought  of  as  a  source  of  supplj',  although  it  now 
appears  to  have  left  Nova  Scotia  in  the  rear. 
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The  Belle  Island  Iron  Ore  Supplies. 

It  is  claimed  that  the  ore  mined  in  Newfoundland  will  not  in  ordinary 
circumstances  cost  more  than  2s.  3d,  to  2s,  6d.  per  ton,  to  which  from 
IS.  6d.  to  2s.  per  ton  has  to  b3  added  for  transport  to  Sydney.  The  coal, 
which  is  cheaply  mined,  is  found  close  to  the  works  at  that  town,  where 
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the    company  are  said   to   control  2,500  million  tons.      The   coI;e  is 
estimated  to  cost  6s.  3d.  })er  ton  at  the  blast  furnaces. 

There  is  as  yet  but  a  very  limited  market  for  the  products  of  the 
Dominion  Company  in  Canada  itself,  and  the  company  therefore  look 
to  finding  their  chief  markets  in  other  countries.     A  good  deal  of  pig- 
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iron  has  already  been  shipped  to  Great  Britain,  and  it  Is  probable  that 
this  trade  will  be  extended  in  the  near  future. 

The  important  iron  ore  deposits  of  Belle  Island  are  in  Conception 
Bay,  2^  miles  from  the  shore.  These  deposits  consist  of  four  horizontal 
bsds.  The  two  uppermost  beds  are  relatively  mere  shells,  but  the  third, 
about  6  ft.  in  depth,  underlies  an  area  of  240  acres.  The  fourth,  8  ft. 
in  depth,  has  a  land  area  of  817  acres.  Based  on  10  cubic  feet  of  ore 
to  the  ton,  these  two  beds  have  been  computed  to  contain  some  34  million 
tons  of  ore,  which  assay  54  to  56  per  cent,  of  metallic  iron,  '47  to  70 
per  cent,  of  phosphorus,  and  64  to  9*4  per  cent,  of  silica.  Such 
computations,  however,  generally  err  on  the  side  of  over-estimation. 

The  two  main  beds  of  ore,  known  respectively  as  the  lower  and 
the  upper  beds,  lie  about  200  ft.  apart,  measured  vertically,  and  dip 
northward  at  angles  of  6  degrees  to  8  degrees  from  the  horizontal. 
The  outcrops  occur  at  an  elevation  of  200  ft,  above  sea  level.  The 
length  of  the  lower  bed  outcrop  is  3  J  miles,  and  of  the  upper  bed  i^  miles. 
The  thickness  of  the  upper  bed  is  5  ft.  of  good  clean  ore,  with  no  rock 
parting.  The  lower  bed  varies  in  thickness.  At  the  centre  mine  there 
is  an  overlay  of  i  ft.  6  in.,  6  to  9  ft.  of  ore,  and  after  12  to  18  in.  of  rock 
another  4  to  6  ft.  of  ore.  At  the  east  mine  there  is  4^  ft.  of  ore  under 
6  in.  to  3  ft.  of  overlay. 

The  ore  is  mined  by  steam  drilling  a  series  of  10  to  12  i|-in.  holes, 
about  6  ft.  apart,  to  the  depth  of  the  bed.  These  are  loaded  with  40  per 
cent,  dynamite  and  fired  simultaneously  by  a  battery,  thus  breaking 
down  large  masses  of  material. 

The  furnace  plant  of  the  Dominion  Company  consists  of  four 
furnaces  20  ft.  in  diameter  at  the  bosh  and  85  ft.  high.  The  diameter  at 
the  hearth  is  11  ft.  9  in.,  at  stock  line  it  is  14  ft.  6  in.,  and  there  are  12 
6-in.  tuyeres.  Each  furnace  is  provided  with  Julian  Kennedy's  patent 
top  filling  apparatus.  The  furnace  shell  is  28  ft.  in  diameter  at  the 
mantle  and  23  ft.  at  the  top  of  the  furnace.  The  bustle  pipe  surrounding 
the  columns  is  46  ft.  in  diameter.  The  tuyere  stacks,  12  in  number,  are 
of  an  improved  type,  with  ball  joints  and  adjustable  blow  pipes. 

Some  illustrations  of  the  plants  of  the  Dominion  Company  are 
presented  herewith. 

The  Algoma  Steel  Company. 

In  addition  to  the  very  important  plant  which  has  been  erected 
in  Nova  Scotia  by  the  Dominion  Company,  another  plant  of  probably 
hardly  less  importance  is  being  constructed  in  Ontario,  at  Sault  Ste. 
Marie,  by  a  company  that  has  taken  the  above  name  from  the  fact  of 
its  being  located  in  the  Algoma  district.  Four  blast  furnaces  are  being 
built,  each  90  by  14,  two  of  which  will  start  with  charcoal  iron,  but  may 
be  put  on  to  coke  by  and  by,  and  will  have  a  total  annual  capacity  of 
100,000  tons.  The  other  two  will  start  on  coke;  they  are  each  90  by  21, 
and  will  have  a  total  estimated  capacity  of  280,000  tons.  The  total 
capacity  in  pig-iron  will,  therefore,  be  close  on  400,000  tons  a  year.. 
The  ore  to  be  used  will  be  that  of  the  Michipicoten  iron  ore  field, 
<jlsewhere  referred  to.* 

•   Vi(/e  J).  46,  an/e. 
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The  Algotna  Company  are  now  building  a  rolling  mill  and  steeT 
plant  close  to  their  blast  furnaces,  which  wilt  have  an  annual  capacity 
of  2CX>,ooo  tons  of  ingots  and  180,000  tons  of  Entshed  products  Water 
power  will  be  used  for  raising  steam,  and  for  electric  transmission.     The 


steel  plant  will  embrace  two  6-toii  Hcssemer  converters  and  a  23>in. 
combined  rail  and  structural  steel  train.  These  works  are  expected  to 
be  completed  in  the  spring  of  1902. 

The  Outlook. 

It  is  not  improbable  that  the  Dominion   Company  may  for  some 
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years  to  come  be  found  a  very  determined  and  effective  competitor  in 
British  markets,  as,  indeed,  they  have  already  shown.  That  they  can 
make  pig-iron  at  a  price  below  any  that  is  known  in  Britain  is 
extremely  probable,  and  they  have  the  advantage  of  being  on  the  sea- 
board, a  thousand  miles  nearer  to  Europe  than  United  States  ports. 
They  have  also  cheaper,  although,  probably — as  yet,  at  any  rate — less 
effective  labour.  But  the  main  fact  is  that  they  have  a  capacity  of  pro- 
duction which  is  largely  in  excess — coupled  with  that  of  other  new 
plants — of  anything  that  Canada  is  likely  to  consume  for  years  to  come, 
and  they  have  a  bounty  until  July  of  1903  of  2  dols.  70  cents  (about 
IIS.)  per  ton  of  pig-iron  produced,  which  is  continued  by  dccremcntal 
stages  until  it  is  reduced  in  1906- 1907  to  60  cents,  or  2s.  6d.  per  ton. 

Of  the  xAlgoma  enterprise  I  have  heard  no  very  favourable  opinion, 
despite  some  strongly  optimistic  remarks  made  by  Sir  Christopher 
Fumess  in  the  British  Press  on  his  return  from  that  region  a  few 
months  ago.  Algoma  is  more  than  a  thousand  miles  from  suitable  fuel, 
except  charcoal — which  is  plentiful  enough — and  is  nearly  as  far  from 
any  important  market.  The  Algoma  Works  will  also,  of  course,  secure 
the  bounty  named,  but  that  is  not  likely  to  help  them  to  markets  that 
are  likely  to  be  fully  occupied  by  plants  much  more  favourably  situated. 
As  for  foreign  competition  being  effective  with  works  in  such  a  location, 
I  do  not  think  it  is  at  all  likely — not,  at  any  rate,  unless  and  until  the 
Welland  Canal  has  been  so  far  widened  and  deepened  as  to  allow  of 
water  transport  down  to  the  St.  Lawrence,  and  thence  to  Europe 
without  breaking  bulk.  This  is  probably  the  contingency  on  which  the 
proprietors  are  counting. 
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LETTER   FROM   THE   SECRETARY   TO   THE    PRESIDENT 
OF  THE   BRITISH    IRON   TRADE   ASSOCIATION. 

165,  Strand,  London,  W.C. 

26/A  February^  1 90 1. 
British  Trade  and  Foreign  Competition. 

Sir, — The  extent  to  which  the  United  States  are  sending  supplies  of 
iron  and  steel  into  the  United  Kingdom  is  inspiring  a  good  deal  of 
apprehension  on  the  part  of  home  manufacturers.  In  January  our 
iron  and  steel  exports  were  40  per  cent,  less,  and  our  imports  63  per 
cent,  more,  than  in  the  corresponding  month  of  last  year.  It  would  be 
difficult  to  conceive  of  a  much  more  alarming  situation  than  this,  short  of 
the  rapid  and  inevitable  decay  of  our  iron  and  steel  industries.  Much 
has  been  written  on  the  subject  of  the  competition  of  the  United 
States.  Papers  have  been  read  on  the  subject  before  the  British  Iron 
Trade  Association,  by  Mr.  Franklin  Hilton,  Mr.  Jeremiah  Head,  and 
Mr.  .Alfred  Baldwin,  M.P.,  and  the  matter  has  been  incidentally  referred 
to  in  nearly  every  annual  report  of  the  Association  for  the  last  six 
years.  Paj)ers  have  also  been  submitted  to  the  Iron  and  Steel 
Institute,  the  West  of  Scotland  Iron  and  Steel  Institute,  the 
Instituti(Mi  of  Civil  Engineers,  and  other  trade  and  technical  bodies, 
on  thr  same  question,  while  nearh'  every  paper  in  the  kingdom, 
fnMu  I  he  Times  downwards,  has  had  special  articles  on*  the  more 
prominent  phases  of  foreign  competition.  We  ought,  therefore,  so  far 
as  appearances  go,  to  be  well  posted  on  the  whole  matter.  Are  these 
appetii-iuuvs  to  be  relied  on,  or  is  it  not  a  fact  that  the  average  British 
manutai'turer  is  still  without  the  knowledge  that  would  enable  him 
exai  ll\'  to  determine  what  he  must  do  in  order  to  keep  in  the  front, 
auil  compete  successfully  with  his  rivals? 

Thi'  success  of  American  competition  has  been  referred  to  a  great 
varietx'  K^i  causi\s,  some  negative  and  others  positive.  Here  are  only 
a  few,  taken  at  raiulom  : — 

\.    The  superiority  of  American  ore   resources. 

J.    The  greater  cheaj)ness  of  American  coke. 

^  The  cheapness  of  American   transport. 

4.  The  operation  of  the  tariff. 

5.  The  superii>r  skill  and  industry  of  American  workmen. 
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6.  The  greater  efficiency  of  American  management. 

7.  The  more  econoniical  methods  employed  in  American  works. 

8.  The  larger  scale  on  which   American  industry  is  carried  on. 
On  the  other  hand,  British  iron  and  steel  manufactures  are  declared 

to  be  more  or  less  doomed  to  continued  adversity  and  decadence  for 
the  following  among  other   reasons  : — 

1.  The  relatively  high  cost  of  fuel  and  iron   ores. 

2.  The  influence  of  trade  unions. 

3.  The  high  cost  of  transport. 

4.  The  influence  of  shipping  rings. 

5.  The  relatively  small  scale  of  industrial   operations. 

6.  The  relatively  ineffective  administration. 

7.  The  unfavourable  influence  of  our  free  trade  system. 

8.  The  conservative  habits  and  conditions  of  our  manufacturing 
classes. 

9.  The  high  rate  of  wages  paid,   in  relation  to  industrial  results, 

10.  The  want  of  tact  and  energy  on   the  part  of  travellers. 

11.  Insufficient  knowledge  of  foreign  languages. 

12.  Inadequate  technical   education. 

13.  The  maintenance  of  obsolete  plant. 

In  view  of  these  reflections  on  our  iron  and  steel  industries,  I 
would  venture  to  suggest  whether  it  may  not  be  worth  the  while  of 
this  Association  to  appoint  a  Commission  to  ascertain  what  are  the 
real  circumstances  of  the  United  States  in  relation  to  the  conditions 
already  named,  as   well  as: — 

1.  The  effect  of  standard  sections  and  specifications  on  the  cost 
of  production. 

2.  The  extent  to  which  American  manufacturers  are  likely  to 
have  surpluses  to  dispose  of. 

3.  The  lowest  prices  at  which  such  surpluses  are  likely  to  be 
disposed  of  in    Europe. 

4.  The  extent  to  which  the  new  and  the  old  plants  are  likely 
to  exceed  home  needs. 

5.  The  influence  of  trade   unions  on   American  conditions. 

6.  The  standing  charges  of  British  and  American   works,  etc. 

It  is  probable  that  the  majority  of  our  great  iron  and  steel  making 
firms  have  already  secured  the  best  information  they  could,  and  have 
arrived  at  more  or  less  definite  conclusions  as  to  their  future  in  relation 
to  foreign  competition.  Even  so,  however,  it  could  probably  hardly 
happen  that  such  an  inquiry  could  be  instituted  as  that  now  suggested 
without  disclosing  some,  and  probably  a  good  deal,  of  valuable 
information  not  already  available. 

The  object  of  this  memorandum  is  that  of  directing  the  minds 
of  the  members  of  the  Board  to  the  general  question,  and  not  that 
of  formulating  specific  proposals.  If,  however,  it  should  be  deemed 
worth  further  consideration,  it  may  be  useful  if  I  proceed  to  indicate  one 
or  two  suggestions  that  may  lead  to  practicatl  proposals. 

Probably  the  most  natural  order  of  ideas  would  be  to  have  one 
general  and  several  special  expert  reports,  the  latter  to  include  (i)  raw 
materials,  (2)  pig-iron,  and  (3)  steel  and  steel  works  plant. 

The  general  report  would  naturally  deal  with  the  economic  situation 

z  2 
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as  a  whole  in  relation  to  transport,  wages,  labour  conditions,  home  needs, 
extent  of  production,  quantities  available  for  exportation,  standing 
charges,  organisation,  and  kindred  questions. 

Assuming   this   suggestion  to  be    adopted,    there    would     be   four 

different   reports  arising  out  of  the  inquiry 

Yours  faithfully, 

J.  Stephen  Jeans, 

Secretary. 
Sir  John  J.  ]v.'^k\'S':^,  President  British  Iron  Trade  Association. 
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THE   COALFIELDS   AND   THE   SEAPORTS   OF   THE 

UNITED   STATES. 

The  following  is  a  summary  of  an  article  written  in  Mines  ami 
Minerals,  for  July,  1901,  by  Mr.  Edward  VV.  Parker,  of  the  Geological 
Survey  of  the  United  States : — 

^^V*The  anthracite  and  bituminous  coalfields  of  Pennsylvania  (in  the 
map  Fig.  i  of  General  Report)  are  designated  by  No.  i.  No.  2  represents 
the  eastern  bituminous  steam  coal  area  of  Pennsylvania,  including  the 
celebrated  Clearfield  coal,  and  also  that  of  the  counties  in  the  southern 
part  of  the  State.  The  coal  from  this  section  is  shipped  via  the 
Pennsylvania  Railroad  to  New  York,  Philadelphia,  and  Baltimore,  and 
by  the  Baltimore  and  Ohio  to  Locust  Point,  Baltimore.  No.  4  designates 
the  Cumberland  or  Georges  Creek  coal  of  Maryland  and  the  Elk  Garden 
and  Upper  Potomac  field  of  West  Virginia.  These  fields  are  continuous 
and  practically  the  same.  The  seams  of  this  region  produce  excel- 
lent steam  coal  and  one  of  the  best  blacksmith  coals  in  the  world.  It 
is  nearer  to  tide-water  than  any  of  the  important  bituminous  coalfields, 
and  is  reached  by  the  Baltimore  and  Ohio  Railroad  with  terminal  at 
Baltimore  (Locust  Point  Piers),  or  by  Chesapeake  and  Ohio  Canal 
to  Georgetown,  D.C.  The  initial  railroad  from  the  Elk  Garden  portion 
of  the  field  is  the  West  Virginia  Central  and  Pittsburg,  connecting  at 
Cumberland  with  the  Baltimore  and  Ohio  Railroad  and  the  Chesapeake 
and  Ohio  Canal.  The  production  of  this  field  is  over  5,ooo,ocx>  short 
tons  annually.  The  P'airmont  region  (No.  5),  directly  west  from  the 
Cumberland  field,  produces  about  2,000,000  short  tons  per  year,  the 
product  going  to  tide-water  eastward  by  the  Baltimore  and  Ohio 
Railroad,  or  it  may  be  sent  to  the  Ohio  River  at  Parkersburg,  and 
thence  by  water  to  New  Orleans.  Going  further  south  we  find  the 
coalfield  nearest  to  tide-water  is  No.  7.  This  is  the  famous  steam  coal 
and  coke  producing  region  known  as  the  Pocahontas  Flat  Top.  It 
includes  one  county,  Tazewell,  in  Virginia,  and  McDowell  and  Mercer 
Counties  in  West  Virginia.  In  1880  this  region  was  a  wilderness. 
Development  work   began   in    1881.     The  production  to-day  exceeds 
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4,500,cxx)  tons  a  year.     Its  seaboard  shipments  go  by  the  Norfolk  and 
Western  Railroad  to  Lambert's  Point  Piers,  Norfolk. 

*  Adjoining  the  Pocahontas  field  is  the  New  River  region  of  West 
Virginia,  also  famous  for  its  steam  coal  and  coke.  The  railroad  entering 
this  field  both  east  and  west  is  the  Chesapeake  and  Ohio,  whose  tide- 
water terminal  is  Newport  News.  The  New  River  field  includes  all 
the  mines  in  Fayette  County.  The  next  county  to  the  west  is 
Kanawha,  and  from  here  the  larger  part  of  the  coal  travels  west  and 
south  instead  of  east.  Some  goes  by  rail,  but  that  which  reaches  tide- 
water goes  by  the  Great  Kanawha,  the  Ohio,  and  the  Mississippi  Rivers 
to  New  Orleans.  At  the  confluence  of  the  Kanawha  and  the  Ohio 
this  coal  meets  the  Pittsburg  coal,  the  product  of  the  Allegheny  and 
Washington  Counties  in  Pennsylvania  (No.  3),  and  the  Ohio  coals  from 
the  celebrated  Hocking  Valley  and  Jackson  districts  (No.  6),  in  that 
State.  The  Kanawha  River  region  in  West  Virginia  (including  Putnam 
County),  produces  about  1,300,000  tons  of  coal  a  year.  Allegheny  and 
Washington  Counties,  Pennsylvania,  produced  12,000,000  tons  in  1896, 
while  the  *  panhandle,'  of  West  Virginia,  properly  belonging  to  the 
district,  yields  about  300,000  tons  more.  The  two  Ohio  districts, 
considered  as  No.  6,  yield  6,000,000  tons  or  over  every  year. 

"  The  *  Jellico,'  coal  region  is  on  the  dividing  line  between  south- 
east Kentucky  and  north-east  Tennessee.     It  is  designated  by  No.  11, 
and  embraces  the  Counties  of  Bell,  Knox,  and  Whitley,  in  Kentucky, 
and  Anderson,  Campbell,  and  Claiborne  Counties  in  Tennessee.     Jellico 
coal   can  be  sent  in   nearly  a  direct  line  to   Norfolk,  but  its  natural 
outlets  are  at    Charleston,  South    Carolina,  and    Brunswick,  Georgia, 
reaching  the    former  by  the    Southern  and   the   South  Carolina  and 
Georgia  Railroads,  and  the  former  by  the  Southern  Railway  direct.     A 
little  over  1,500,000  tons  is  the  normal  annual  production  of  the  Jellico 
district.     No.  12  in  the  vicinity  of  Chattanooga,  Tennessee,  is  a  small 
district  containing  Marion   County,  Tennessee,  and   Dade  and  Walker 
Counties,  Georgia.      From  this  region  is  obtained  what  is  known  as 
*  Chickamauga '    coal,  whose    reputation  as  a  steam  producer  is  well 
established.       This    coal    has  a  direct    outlet  to   Brunswick  over  the 
Southern  Railroad,  or  to  Tampa,  Florida,  by  connection  with  the  Plant 
system.     The   Alabama  fields  have  been   included  in   No.  13.     Three 
counties,  Bibb,  Jefferson,  and  Walker,  produce  over  90  per  cent,  of  the 
total   output  of  the  State,  which  in    1897  ^^as  nearly  6,ooo»ooo  tons. 
Four  seaports  are  easily  accessible  from  this  region,  Brunswick,  Tampa, 
Mobile,  and  New  Orleans.     The  last  mentioned  is  reached   by  three 
routes,  one  by  rail  to  Greenville,  Mississippi,  and  thence  by  Mississippi 
River,  the  other  two  all  rail  by  the  Southern,  and  the  New  Orleans,  and 
the  North- Eastern,  or  via  the  Western  of  Alabama,  and  Lousiville  and 
Nashville,  as  shown  on  the  map.     Finally,  wc  have  in  the  south-west 
the  excellent  fuels  of  Arkansas,  and   Indian  Territory,  Nos.  15  and  16, 
with  a  combined  output  of  about  2,000,000  tons.     The  former  can  reach 
New  Orleans  by  two  routes,  one  partly  by  the  Mississippi  River,  the 
other  by  the  St.  Louis,  Iron  Mountain  and  Southern,  and  the  Texas 
and  Pacific  Railroads,  via  Shreveport.     By  connection  with  the  Inter- 
national   and    Great    Northern    Railroad,  the    Arkansas    coals    reach 
Galveston.     The  Indian  Territory  coals  also  reach  Galveston,  going  b>- 
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the  Missouri  Kansas  and  Texas  Railroad  direct,  or  by  connection  of  this 
road  and  the  Houston  and  Texas  Central  at  Sherman,  Texas. 

*^  The  following  statement  shows  approximately  the  distance  mhieral 
fuels  travel  in  going  from  the  mines  to  the  seaboard  : — 

"  Region  No.  i . — The  chief  ports  are  New  York,  Philadelphia,  and 
Baltimore.     Distances  vary  from  lOO  to  200  miles. 

''Region    A^o,    2. — Chief    ports    are    Philadelphia   and     Baltimore. 
Distances  about  220  miles. 

''Region  No,  4. — Chief  ports,  Baltimore  and  Georgetown,  W.C. 
Distances  about  220  miles. 

"  Region  No,  5. — Chief  port,  Baltimore.     Distance  300  miles. 

"Region  No.  7. — Chief  port,  Norfolk.     Distance  375  miles. 

"Region  No.  8. — Chief  port,  Newport  News.     Distance  420  miles. 

*'  Region  No.  9. — Chief  port,  Newport  News.     Distance  458  miles. 

" Region  No.  i\. — Chief  ports,  Charleston,  Brunswick,  and  Port 
Tampa.     Distances  from  500  to  800  miles. 

"Region  No.  12. — Chief  ports,  Brunswick  and  Port  Tampa.  Dis- 
tances 400  and  670  miles. 

"Region  No.  13. — Chief  ports,  Brunswick,  New  Orleans,  Mobile,  and 
Galveston.     Distances  from  240  to  700  miles. 

"Region  No.  16. — Chief  port,  Galveston.  Distances  average  540 
miles. 

"  The  above  are  all  by  railway.  The  water  routes  comprise  those 
from  ;  Pittsburg ;  Portsmouth,  Ohio ;  Kanawha,  Dam  No.  4 ;  and 
Ashland,  Kentucky ;  all  by  the  Ohio  and  Mississippi  Rivers  to  New 
Orleans,  the  distance  averaging  1,800  miles.  Also  the  two  routes 
from  Central  Illinois  to  New  Orleans  via  St.  Louis  and  Cairo 
respectively,  partly  rail  and  partly  water,  the  distance  averaging  1,300 
miles." 


APPENDIX   No.  III. 

PENSION    FUND   OF   THE    PENNSYLVANIA 

RAILROAD   COMPANY. 

At  Philadelphia,  Mr.  Theo.  N.  Ely,  the  chief  of  motive  power  of 
the  Pennsylvania  Railroad  Company,  handed  me  a  document  des- 
criptive of  this  recent  and  important  fund,  from  which  the  following 
excerpts  are  made.  The  Pennsylvania  is  the  greatest  railway  cor- 
poration in  the  United  States,  as  will  be  noted  from  the  details  shown 
in  the  chapter  on  transportation. 

During  the  early  operation  of  the  present  Relief  Fund,  the  pension 
adjunct  was  brought  in  view,  provision  for  that  end  being  made  in  the 
departmental  regulations,  wherein  it  is  expressly  stated  that  such 
surplus  as  should  arise  during  specified  triennial  periods  of  the  operation 
of  the  fund  is  to  be  set  aside  as  a  foundation  for  the  Superannuation  and 
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Pension  Fund.  The  plan  then  considered  involved,  hovVever,  restrictivfe 
action,  bein<(  confined  in  its  Workings  to  such  employes  only^as  were 
members  of  the  Relief  Organisation.  The  working  fund  was  to  be 
exclusively  the  Relief  Fund  surplus.  The  real  labour  which  eventuated 
in  the  development  of  a  feasible  plan  for  the  creation  of  a  general 
Pension  Fund  was  not  commenced,  however,  until  the  amount  available 
for  such  purposes  grew  to  proportions  that  warranted  serious  considera- 
tion of  the  subject. 

A  special  Committee  on  Superannuation  and  Pension  Fund  was 
appointed  by  the  Advisory  Committee  of  the  Relief  Department.  The 
committee  examined  into  and  reported  upon  the  various  systems  of 
pensioning  in  operation  on  upwards  of  seventy  of  the  leading  railways 
of  Europe,  America,  Asia,  Africa,  and  Australia.  It  prosecuted  investi- 
gations along  this  line  with  a  view  to  securing  data  which  could  be  used 
in  constructing  a  preliminary  basis.  This  necessarily  involved  the 
responsible  and  arduous  task  o£  collecting,  analysing  and  collating 
information  for  guidance  in  forming  a  plan  suitable  to  the  requirements 
of  prevailing  conditions  in  the  United  States.  The  information 
obtained  from  the  various  sources,  however,  while  edifying  and  of  much 
interest,  did  not  enable  the  committee  to  reach  any  final  conclusion  as 
to  the  best  plan  to  be  adopted,  and  it  became  necessary  to  give  the 
matter  original  thought,  and  work  it  out  from  that  standpoint,  rather 
than  upon  any  basis  that  existed,  the  result  being  an  exhaustive 
preparation  of  statistical  information,  embodying  results  of  such  a 
scheme  from  many  different  bases,  and  finally  selecting  one  that  would 
carry  with  it  the  assurance  of  success. 

Such  a  })lan  was  submitted  to  the  president  for  action  of  the  board, 
when  the  whole  matter  was  referred  to  a  special  committee  of  that  body. 
The  plan  named  only  embodied  the  care  of  superannuated  employ6s. 
members  of  the  Relief  Fund,  and  the  allowances  were  to  be  made  from 
that  fund.  It  was  subsequently,  however,  thought  advisable  and  more 
liberal  to  make  general  provision  for  all  old  employees  by  the  company 
assuming  the  obligation  of  providing  them  with  a  pension  allowance  in 
addition  to  what  the  Relief  Fund  could  afford  to  grant  to  its  members 
who  might  be  retired  by  the  company.  Subsequently  the  characteristics 
inevitably  allied  to  a  question  of  such  magnitude  were  narrowed  down 
and  crystallized  into  a  purely  pension  basis  for  all  employes,  and  the 
result  was  laid  before  the  directorate's  special  committee  in  a  revised 
plan  for  pensioning  employes,  whether  members  of  the  Relief  Fund 
or  not. 

The  Pension  Fund,  as  practically  agreed  upon,  was  established 
as  of  January  1st,  1900;  the  company  was  to  contribute  the  money 
necessary  for  its  operation,  and  to  be  relieved  from  any  further  pay- 
ments of  amounts  heretofore  made  by  it  on  account  of  what  is  known 
as  "company  relief,"  />.,  carriage  with  its  own  money  of  Relief  Fund 
members  the  length  of  whose  sickness  exceeds  the  regulation  maximum 
benefit  period  of  52  weeks,  and  who  are  in  consequence  entitled  to  no 
further  Relief  Fund  benefits  on  account  of  such  sickness. 

A  board  of  officers  was  created  and  vested  with  full  power  to 
make  and  enforce' the  rules  and  regulations  incident  to  the  care  and 
conduct  of  the  fund,  and  adopt  such  means  as  might  be  necessary  to 
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determine  the  eligibility  of  employes  to  receive  benefits  therefrom,  and 
fix  the  amount  of  allowance  to  be  paid  in  each  case. 

Retirements  are  voluntary  and  involuntary  ;  that  is,  all  employfe 
70  years  of  age  and  over  are  considered  as  having  attained  the 
maximum  age  limit  for  active  service,  and  are  retired  and  placed 
upon  the  Pension  Fund  roll,  while  those  whose  ages  range  from  65  to  69 
years,  and  who,  in  the  opinion  of  the  fund  administrators,  have  become 
physically  disqualified,  or  otherwise  })crmanently  incapacitated,  after 
30  or  more  years  of  service,  may  be  either  voluntarily  or  arbitrarily 
retired  and  pensioned. 

The  pension  allowance  to  such  retired  employes  is  determined 
on  the  following  basis  : — For  each  year  of  service  a  fixed  per  centum  of 
the  average  regular  pay  for  a  specific  period  immediately  preceding 
retirement.  It  will  thus  be  seen  the  bases  of  retirement  are  age  and 
service,  with  allowance  proportioned  to  pay  received  during  a  designated 
period  preceding  retirement. 

For  such  employes,  members  of  the  Relief  Fund,  as  may  be  retired 
by  the  company,  it  is  proposed  to  grant  to  them  from  the  interest  on  the 
Relief  Fund  surplus  an  additional  allowance  on  a  fixed  basis  in  pro- 
portion to  the  amount  they  contributed  while  a  member  of  the  Relief 
Fund,  so  that  each  member  retired  by  the  company  receives  this 
additional  allowance  because  of  his  membership  in  the  Relief  Fund,  and 
it  will  be  paid  from  the  interest  on  the  surplus  from  the  operations  of 
that  fund. 

In  addition  to  this,  the  Relief  Fund,  through  its  Advisory  Com- 
mittee, has  amended  the  regulations  of  the  Relief  Fund  in  order 
to  make  general  provision  for  all  its  members,  so  that,  in  case  of  sick- 
ness or  disability,  benefits  on  account  thereof  will  be  continued  at  one- 
half  rates,  irrcsjiectivc  of  the  duration. 

The  Rchef  Vund — the  expenses  of  the  operation  of  which,  together 
with  an\'  deficiency  arising  therefrom,  are  met  by  the  company — affords 
ever\'  empl{)}'e,  physicalh'  cjualificd,  and  within  the  proper  age  limit,  an 
opportunit}'  to  make  such  provision  as  will  insure  for  himself  benefits  in 
case  of  sickness  or  disabilit\',  during  the  entire  duration  thereof,  and,  in 
case  of  retirement  b\'  the  conipanx',  a  superannuated  allowance  in  addi- 
tion to  the  pension  of  the  compan\',  and  to  his  beneficiaries  benefits  in 
case  of  death. 

The  object  that  has  been  attained,  or  rather  endeavoured  to  be,  is  to 
grant  e\'er\-  eniphne  an  opportunity'  to  provide  for  himself,  in  case  of 
sickness,  disabih'ty,  or  death,  through  the  medium  of  the  Relief  F'und — 
which  is  co-operative  and  supported  jointh*  by  the  employes,  members 
thereof,  and  the  compan}' — and  when  the  retirement  age  is  reached  the 
comi)an\'  to  reward  In'  granting  a  pension  allowance,  in  addition  to 
what  he  will  receive  from  the  Relief  h\md,  to  which  he  has  contributed, 
in  the  shape  of  a  superannuation  allowance  on  a  fixed  basis  in  pro- 
portion to  the  amount  he  contributed  while  a  member  of  the  Relief 
Fund. 

An  important  feature  is  the  protection  afforded  the  Pension  Fund 
through  the  purpose  of  the  company  to  fix  an  age  limit  for  admission 
to  the  compan\'s  service,  provision  in  this  respect  being  that  from  and 
after  Januar}-  last,  no  person  shall  be  employed  who  is  over  35  years 
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of  age,  except  that  former  employes  desiring  reinstatement  may  be 
permitted  to  re-enter  the  service  at  the  discretion  of  the  board  of 
officers  within  a  certain  period  ;  or  new  employes  may  be  engaged 
r^ardless  of  age  limit,  if  the  service  for  which  they  are  needed  requires 
professional  or  special  qualifications ;  also  that  the  temporary 
employment  of  men,  regardless  of  age  limit,  shall  be  permitted  for  % 
period  not  exceeding  six  months,  subject  to  requisite  extension,  when 
engaged  upon  temporary  work. 

The  necessity  for  action  of  this  character  was  requisite,  for  the  reason 
that  the  company  then  had  in  its  service  men  who,  if  they  desired, 
could  become  members  of  the  Relief  Fund,  and  in  this  manner  make  pre- 
paration for  any  illness  to  which  they  might  be  subjected  in  the  future  or 
accident  that  might  befall  them.  In  this  way  every  member  is  afforded 
an  opportunity  to  make  provision  for  himself  during  his  early  service 
with  the  company,  when  it  has  not  yet  received  from  such  employ^ 
service,  both  in  length  and  quality,  that  would  entitle  him  to  special 
consideration  at  the  hands  of  the  company  in  case  of  inability  to 
perform  his  daily  labour. 

While  the  Pension  Fund  is  a  distinct  and  separate  provision  by  the 
cpmpany,  from  its  own  funds,  for  the  benefit  of  its  cmplo>'es,  and  is 
operated  from  a  distinctive  company  standpoint,  its  relation  to  the 
relief  organisation  is  unavoidably  so  intimate  as  to  make  it  appear  as 
an  auxiliary  feature  thereof  By  the  addition  of  the  superannuation  and 
pension  features  to  the  benefits  afforded  by  the  Relief  Fund,  the  com^ 
pany  has  virtually  established  for  its  employes  a  relief  and  pension 
institution. 

The  new  fund  affects  the  entire  force  of  employes  on  the  lines  of 
its  system  east  of  Pittsburg  and  Erie,  and  scattered  along  a  trackage  of 
over  4,100  miles  located  in  the  States  of  New  York,  New  Jersey, 
Pennsylvania,  Delaware,  Maryland  and  Virginia,  and  the  District  of 
Columbia. 

In  response  to  the  query  as  to  what  are  the  main  objects  of  the  con- 
solidated fund,  it  was  said  : — First,  the  manifestly  humane  purpose  to 
protect  the  immediate  interests  of  activ^c,  and  preserve  the  future  welfare 
of  aged  and  infirm,  employes  ;  and,  secondly,  to  increase  and  improve 
the  effectiveness  of  the  company's  service.  The  interests  of  active 
employes  are  guarded  by  a  fixed  responsibility  voluntarily  assumed  by 
the  company  toward  the  fund,  which  insures  them,  during  their  period 
of  efficient  service,  fair  wages  and  an  adequate  allowance  in  the  event 
of  sickness,  accident  or  death  ;  while  their  future  welfare  is  amply  pro- 
tected by  the  same  assumption  of  company  responsibility,  which 
guarantees  them,  upon  incapacitation  by  age  or  infirmities,  a  fixed  life 
annuity.  The  company's  benefits  consist  for  the  most  part  in  the 
efficiency  of  service  naturally  consequent  upon  the  employment  of 
younger  and  more  robust  men  in  the  stead  of  those  whose  incapacita- 
tion has  rendered  their  retirement  beneficial  to  both  themselves  and  the 
service,  also  in  welding  more  firmly  the  mutual  interests  of  employer 
and  employe,  thereby  the  better  enabling  that  concentration  of  effort 
and  uniformity  of  action  so  essential  in  the  management  and  con- 
duct  of  corporate  affairs. 

"  No  other  railway  company  in  the  world,  whether  under  State  or 
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private  control,  possesses  a  joint  fund  whose  direct  and  general  beneficial 
features  present  the  admirable  system  and  thoroughness  that  are  so 
manifest  in  the  one  under  consideration." 

The  employes  eligible  to  retirement  do  not  receive  the  pension 
allowance  as  a  favour,  nor  as  a  charitable  act  on  the  part  of  the 
company  extending  it.  They  are  in  a  position  to  consider  them- 
selves the  recipients  of  a  permanent  annuity  earned  by  and  merited 
through  years  of  faithful,  efficient  and  loyal  service  ;  for  it  is,  above  all 
:else,  a  mark  of  regard  shown  by  a  great  corporation,  through  its 
administrative  representatives,  toward  each  and  every  employe  who  has 
won  it  by  conscientious  and  capable  performance  of  assigned  duties. 
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RULES  OF  THE  PKDRICK  &  AVER  COMPANY  IN 

ENGAGING  LABOUR. 

First. — We  must  have  full  discretion  to  designate  the  men  we  con- 
sider competent  to  perform  our  work.  The  number  of  apprentices, 
helpers,  and  handymen  to  be  employed  will  be  determined  solely  by 
the  company. 

Second. — While  agreeing  to  recognise  local  shop  committees, 
composed  of  representative  men  among  our  employes,  we  will  not 
recognise  committees  composed  of  men  not  in  our  own  employ,  nor  will 
we  admit  of  any  interference  in  the  management  of  our  business. 

Third. — We  will  not  arbitrate  any  question  with  men  on  strike. 

Fourth. — No  discrimination  will  be  made  against  any  man  because 
of  his  membership  in  any  organisation. 

Fifth. — We  shall  be  free  to  employ  applicants  at  wages  mutually 
satisfactory,  which  shall  be  established  at  the  time  of  making  the 
application,  always,  however,  to  be  governed  by  local  conditions. 

Sixth. —  It  is  the  privilege  of  the  employe  to  leave  our  employ 
whenever  he  sees  fit,  and  it  is  our  privilege  to  discharge  any  employe  at 
any  time  when  we  see  fit. 

Sk\  KNTH. —  In  case  of  disagreement  concerning  matters  not 
governed  by  these  Rules  and  Regulations,  we  advise  our  workmen  to 
meet  their  employer,  either  individuall}-  or  coUcctiveh*,  and  endeavour 
to  adjust  the  difficulty  on  a  fair  and  equitable  basis. 

Elc.llTll.— While  the  shop  will  run  5S  hours  per  week  at  the  rate 
per  hour  specified  in  the  emplo}c's  application,  the  employer  will  pay 
for  extra  time  at  the  rate  of  time  and  a  half  per  hour. 

Work  on  Sundays  will  be  paid  for  at  a  rate  to  be  agreed  upon  at  the 
time. 

Ninth. — P^ach  employe  pledges  himself  not  to  participate  in  any 
strike  without  first  submitting  any  request  which  he  may  have  to  make, 
and  which  would  form  the  basis  of  a  strike,  to  the  attention  of  the 
management  and  receiving  a  reply  from  them. 

The  management,  on  its  part,  pledges  itself  to  make  a  reply  as  soon 
as  the  magnitude  of  the  matter  and  its  due  consideration  will  admit. 

Tenth. — All  men  now  at  work   for  us  must  be  retained  after  the 
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termination  of  any  strike,  and  no  discrimination,  in  the  nature  of 
disagreeable  treatment  or  otherwise,  shall  be  used  against  them  by  other 
employes  ;  and  any  infringement  of  this  rule  will  be  considered  a  cause 
for  immediate  dismissal 

APPLICATION  FOR  EMPLOYMENT. 

I  hereby  apply  for  employment  by  Pedrick  &  Ayer  Company 

as  a 

at cents  per  hour,  and  I  do 

subscribe  to  all  the  foregoing  Rules  and  Regulations. 

Philadelphia,  Pa., 19 

Witness  : 
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AMERICAN    STANDARD    SPECIFICATIONS    AND 
METHODS   OF   TESTING    IRON    AND   STEEL. 

The  first  successful  effort  in  America  to  standardise  specifications 
for  iron  and  steel,  was  made  in  August,  1895,  by  the  Association  of 
American  Steel  Manufacturers,  a  technical  organisation  formed  to 
discuss  matters  pertaining  to  the  manufacture  and  use  of  steel.  These 
specifications  were  revised  by  the  association  on  July  17,  1896,  and 
October  23,  1896.  They  included  specifications  for  structural  steel, 
special  open-hearth  plate  and  rivet  steel,  and  structural  cast  iron. 

Although  these  specifications  were  criticised  and  referred  to  by 
the  technical  Press  and  engineers  as  *'  manufacturers'  '*  specifications, 
they  nevertheless  grew  in  favour  among  engineers  and  consumers 
when  it  was  appreciated  that  just  as  good  steclfor  the  various  purposes 
intended  was  furnished  on  these  specifications  as  on  engineers' 
specifications  containing  numerous  other  stipulations  unnecessary  in 
the  present  state  of  the  art  of  making  steel.  These  specifications 
also  accomplished  the  important  work  of  convincing  engineers  and 
customers  that  more  prompt  deliveries,  and  more  close  competition 
among  manufacturers,  was  possible  on  standard  specifications  containing 
only  such  requirements  and  tests  as  necessary  to  ascertain  that  a 
satisfactory  steel  was  being  furnished,  and  omitting  many  useless  tests 
which  only  serve  to  add  to  the  expense,  or  cause  delay  in  manufacturing 
operations. 

The  formation  of  the  American  Section  of  the  International 
Association  for  Testing  Materials,  on  June  16,  1898,  gave  an  excellent 
opportunity  for  engineers,  consumers,  and  manufacturers  to  come 
together,  with  a  view  of  framing  American  standard  specifications 
covering  all  the  various  kinds  of  iron  and  steel,  for  among  the  twenty- 
two  problems  which  were  presented  by  tlie. parent. association,  problem 
No.  I  asked  the  American  Section  to  co-operate  in  establishing  '*  inter- 
national rules  and  specifications  for  testing  and  inspecting  iron  and 
5teeL" 
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Under  authorisation  of  the  Executive  Committee  of  the  American 
Section,  the  American  Branch  of  Committee  No.  i  was  increased  to 
34  members,  half  of  whom  were  engineers,  professors  in  technical 
schools,  consumers  of  steel,  or  delegates  from  scientific  societies,  and  half 
representatives  from  the  leading  American  manufacturers  of  the  various 
kinds  of  iron  and  steel. 

This  committee  held  frequent  meetings,  beginning  March  9,  1899. 
Its  sub-committees  collected  and  tabulated  the  requirements  of  existing 
American  specifications  which  were  used  as  a  basis  in  framing  the  ten 
proposed  American  standard  specifications,  endorsed  as  representatives 
of  the  best  American  practice,  by  a  letter  ballot  of  the  committee,  and 
published  in  May,  1900.  These  proposed  standards  have  been  discussed 
by  some  of  the  leading  American  technical  societies  and  journals,  as 
well  as  by  the  International  Congress  on  Testing  Materials  of  Con- 
struction held  in  Paris  in  July,  1900,  and  by  the  Iron  and  Steel  Institute 
in  September,  1900. 

The  American  Section  of  I.A.T.M.,  at  its  third  annual  meeting  held 
in  October,  1900,  after  a  detailed  discussion,  referred  the  ten  proposed 
standard  specifications  back  to  their  Committee  No.  1,  The  committee, 
after  frequent  meetings,  again  presented  them,  with  some  modifications^ 
at  the  fourth  annual  meeting  of  the  American  Section,  June  29,  1901. 
They  were  then  adopted,  subject  to  a  letter  ballot  of  the  full  member* 
ship  of  the  Section.  This  letter  ballot,  canvassed  in  August,  1901^ 
endorsed  the  action  of  the  American  Section  in  adopting  as  American 
standard  the  ten  revised  specifications. 
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Apprenticeship  Indenture—First  Class. 

THIS.    IXDENTURK,    made  by  and    between   George  Burnham^ 
William    P.    Henszey,   John    H.    Converse,   William  L.  Austin^ 
Samuel  M.  Vauclain,  Alba   H.  Johnson   and    George   Burnham» 
Jr.,  trading  as  BuKNiiAM,  Williams  &  Company  (hereinafter  called 
**  LocoMOTiVK  Works"),  of  the  first  part,  by  their  respective  Attorney 

in   fact and 

(hereinafter  called 

"  Appkkntk'K  ";,  of  the  second  part,  WITNESSETH  : — 

That  the  said  APPRENTICE  (with  the  consent  of  his ) 

doth  voluntarily,  and  of  his  own  free  will  and  accord,  put  himself 
apprentice  to  the  said  Locomotive  Works,  as  hereinafter  mentioned, 
he  having  attained  the  age  of  seventeen  years,  to  learn  the  art,  trade 

and  mwsterv  of and   after 

the  manner  of  an  apprentice  to  serve  the  said  LOCOMOTIVE  WoRKS 
at  any  of  their  shops  or  manufactories,  from  the  day  of  the  date  hereof^ 
until  the  time  when  he  will  attain   the  age  of  twenty-one  years,  which 
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attainment  of  his  majority  will  happen  on  the 

day  of. 19 

It  is  understood  that  the  partnership  of  BuRNHAM,  WILLIAMS  & 
Company,  may  change  by  the  loss  of  present,  or  the  addition  of  new  mem- 
bers. It  is  intended  that  the  firm  of  BuRNHAM,  WILLIAMS  &  COMPANY, 
however  the  same  shall  be  constituted  or  named,  so  long  as  it  shall 
conduct  the  business  of  The  Baldwin  Locomotive  Works,  shall  be 
taken  to  be  the  parties  with  whom  this  contract  is  made,  and  against 
whom  the  same  can  be  enforced  and  as  being  the  parties  by  whom  the 
same  may  be  enforced. 

During  all  the  term  of  his  apprenticeship,  APPRENTICE  doth 
covenant  and  promise  and  is  hereby  bound  that  he  will  well  and 
faithfully  serve  his  said  Masters  and  obey  their  lawful  commands  ; 
that  he  will  do  no  damage  to  them,  nor  wilfully  suffer  any  to  be  done 
by  others  ;  that  he  shall  not  waste  the  goods  of  his  said  Masters,  nor 
lend  them  unlawfully  to  any ;  that  he  shall  not  absent  himself  from 
their  service  ;  that  he  shall  in  all  things  and  at  all  times  behave  himself 
as  a  good  and  faithful  apprentice  ought  ;  that  he  shall  comply  with 
tHe  reasonable  and  proper  directions  whicli  shall  be  given  to  him  by  his 
Masters,  directly  or  through  their  Superintendent  of  Apprentices,  or 
through  any  other  agent  in  their  employ  ;  that  he  will  faithfully  attend 
at  least  two  evenings  in  each  week  during  the  first  three  years  of  his 
apprenticeship,  Free  Night  Schools,  such  as  during  the  first  year  will 
teach  him  Elementary  Algebra  and  Geometry,  and  during  the  remaining 
two  years  shall  teach  him  the  rudiments  of  mechanical  drawing  ;  that 
he  shall  be  subject  to  be  moved  or  changed  from  place  so  place  and 
employment  to  employment  in  the  shop  during  each  three  months  ; 
and  that  he  will  prove  himself  fit  and  competent  to  receive  instruction 
and  to  do  what  shall  be  reasonably  required  of  him  as  an  apprentice. 

It  is  understood  that  xAPPRENTlCE  has  already  had  a  Grammar 
School  education,  or  sufficient  education  to  render  it  unnecessary 
that  any  provision  should  be  made  for  his  further  instruction. 

Locomotive  Works  do  covenant  and  promise  to  teach  and 
instruct  or  cause  to  be  taught  or  instructed  the  said  Apprentice, 
during  such  time  as  he  shall  remain  such,  the  aforesaid  art,  trade  or 
mystery  by  keeping  him  at  work  in  their  manufacturing  plant. 

It  is  understood  and  agreed  that  if  Apprentice  shall  prove  incom- 
petent in  said  art,  trade  or  mystery,  or  that  if  at  any  time  he  shall  be 
guilty  of  vicious  or  immoral  conduct,  or  of  repeated  absence  without 
leave,  or  of  neglect  of  duty,  or  of  disobedience  of  reasonable  orders, 
or  if  by  reason  of  physical  ailments,  or  long-continued  sickness,  or  for 
any  other  good,  and  sufficient  reason,  LOCOMOTIVE  Works  shall  find 
it  advisable  to  terminate  the  apprenticeship,  that  then  Locomotive 
Works  may  discharge  him  from  their  employ  and  may  terminate  and 
annul  this  Indenture.  In  order  to  avoid  the  difficulty  of  proving  such 
conduct,  it  is  agreed  that  said  dismissal  for  any  of  the  causes  afore- 
said shall  be  final  and  conclusive  evidence  of  the  truth  thereof  Upon 
such,  dismissal  the  term  of  apprenticeship  shall  end. 

In  lieu  of  the  provision  of  board,  clothing  and  other  expenses  and 
charges  of  Apprentice^  Locomotive  Works  agree  to  pay  Appren- 
tice weekly  and  every  week  at  the  rate  following,  viz. : -  
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cents  per  hour  fqi:  jth^  first  3  lo  days  actual  labour  ; cents 

per  hour  for  the  second  310  days; cents  per  hour  for 

third  310  days,  and tents  per  hour  for  the  remainder  of 

said  time.  Each  day's  labour  of  Apprentice  is  to  be  of  ten  hours  ; 
Provided^  however,  and  it  is  hereby  agreed,  that  at  such  times  as  the 
Locomotive  Works  shall  consider  their  business  requires  the  said 
Apprentice  to.  work  for  more  than  ten  hours  the  day,  then  and  in  such 
case  he  shall  work  such  further  time  as  he  shall  be  required  by 
Locomotive  Works,  who  shall  pay  him  therefor  at  the  same  rate 
per  hour  as  for  his  usual  day's  work  ;  and  should  the  number  of  hours 
of  day's  work  by  the  emplo}^s,  other  than  apprentices,  in  the  shops 
of  Locomotive  WoRKS.be  reduced  to  less  than  ten,  then  and  in  that 
event  the  number  of  hours  constituting  a  day's  work  to  be  performed 
by  said  APPRENTICE  and  the  compensation  may  be  correspondingly 
reduced — it  being  agreed,  nevertheless,  that  the  said  APPRENTICE 
shall  at  all  times  be  3ubject  to  the  control  of  his  Masters,  the  reasonable 
commands  of  whose  agents  he  shall  obey  in  all  matters  respecting  his 
conduct  while  apprentice,  and  that  he  shall  be  subject  outside  the  shops» 
as  well  as  inside  the  same,  to  the  supervision  of  the  agents  of  Masters. 

It  is  further  agreed  by  LOCOMOTIVE  WORKS  that  if  said  APPREN- 
TICE shall  well  and  faithfully  perform  his  duties  as  an  apprentice,  he 
shall,  upon  having  completed  the  full  term  of  his  apprenticeship,  receive 
the  further  sum  of dollars. 

In  case  of  an  expiration  of  apprenticeship  prior  to  the  full  time 
fixed  for  its  duration,  whether  such  expiration  shall  result  from  mutual 
cancellation  of  contract,  from  death,  or  from  other  causes  unforeseen^ 
not  involving  a  discharge  of  APPRENTICE  for  cause,  there  shall  be  paid 
to  him  or  for  his  benefit  at  such  earlier  termination  of  the  apprenticeship 
such  proportion  of  said  above  named  final  sum  as  the  time  of  service 
elapsed  shall  bear  to  the  total  time  contemplated. 

In  case  of  the  termination  of  the  apprenticeship  by  reason  of  the 
discharge  of  APPRENTICE  for  any  of  the  causes  above  specified,  no 
portion  of  said  final  sum  shall  be  payable  to  him  or  for  his  benefit. 

/;/  Witness  Whereof^  the  said  parties  have  hereunto  set  their  hands 

and  seals  ;  and  the  said 

in  token  of consent,  has   signed  as  a  witness  hereto,  this 

day  of 19 

Witnesses  : 


George  Burnham. 
William  P.  Henszev. 
John  H.  Converse. 


seal.] 

SE.\L.] 
SEAL.] 


I  sign  by  way  of  expressing  my  consent. 

Parent  or  (juardian. 


William  L.  Austin.  [seal.] 
Samuel  M.  Vauclain.  [seal. 
Alha  B.  Johnson.  [seal.^ 

George  Burnham,  Jr.      [seau 
By  their  Attorney  in  fact. 

>EAUj 
SEAL.] 
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APPENDIX  No.  V. 


BALDWIN  LOCOMOTIVE  WORKS. 


Apprenticeship  System— Circular  No.  i. 

In  view  of  the  fact  jthat  in  recent  years  manufacturing  hcis  tended 
so  largely  toward  specialisation  that  young  men  apprenticed  to 
mechanical  trades  have  been  able  in  most  cases  only  to  learn  single 
processes,  and,  as  a  result,  the  general  mechanic  has  threatened  to 
become  practically  extinct,  to  the  detriment  of  manufacturing  interests 
generally,  the  Baldwin  Locomotive  Works  have  established  a  system 
of  apprenticeship  on  a  basis  adapted  to  existing  social  and  business 
conditions. 

Apprentices  are  taken  in  three  classes,  as  follows  — 

Apprentices  of  the  First  Class, 

The  first  class  will  include  boys  seventeen  years  of  age,  who  have 
had  a  good  common  school  education,  and  who  bind  themselves  by 
indentures  (with  the  consent  of  a  parent  or  guardian  in  each  case)  to 
serve  for  four  years  ;  to  be  regular  at  their  work  ;  to  obey  all  orders 
given  them  by  the  foreman  or  others  in  authority  ;  to  recognise  the 
supervision  of  the  firm  over  their  conduct  out  of  the  shop  as  well  as  in 
it  ;  and  to  attend  such  night  schools  during  the  first  three  years  of  their 
apprenticeship  as  will  teach  them,  in  the  first  year,  elementary  algebra 
and  geometry ;  and  in  the  remaining  two  years,  the  rudiments  of 
mechanical  drawing. 

Apprentices  of  the  Second  CitJss. 

The  second  class  indenture  is  similar  to  that  of  the  first  class,  except 
that  the  apprentice  must  have  had  an  advanced  grammar  school  training,, 
including  the  mathematical  courses  usual  in  such  schools.  He  must 
bind  himself  to  serve  for  three  years,  and  to  attend,  night  schools  for  the 
study  of  mechanical  drawing  at  least  two  years,  unless  he  has  already 
sufficiently  acquired  the  art. 

Apprentices  of  the  Third  Class, 

«  .     •     •  • 

The  third  class  indenture  is  in  the,  form  of  an  agreement  made  with 
persons  twenty-one  years  of  age  or  over,  who  are  graduates  of  colleges, 
technical  schools,  or  scientific  institutions,  and  who  desire  to  secure 
instruction  in  practical  shop  work. 

The  indentures  or  agreement  in  each  case  place  upon  the  firm  the 
obligation  to  teach    the  apprentice  his  art    thoroughly  and  to  furnish 
him    abundant    opportunity    to    acquire    a    practical     knowledge    of 
mechanical  business.     The  firm  is  also  bound  to  retain  the  apprentice 
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in  service  until  he  has  completed  the  term  provided  for  in  the  indenture 
or  agreement,  provided  his  services  and  conduct  are  satisfactory.  In 
all  cases  the  firm  reserves  the  right  to  dismiss  the  apprentice  for 
•cause. 

The  rates  of  pay  in  the  different  classes  are  as  follows  : — 


1st  year 

2nd  year 

3rd  year 

4th  year 

per  hr. 

per  hr. 

per  hr. 

per  hr. 

5C. 

7C. 

90. 

lie. 

7C. 

90. 

lie. 

13c. 

1 6c. 

Apprentices  of  the  First  Class 
Apprentices  of  the  Second   Class    .. 
Apprentices  of  the  Third  Class 

In  addition  to  the  rates  mentioned  above,  apprentices  of  the  first 
•class  each  receive  an  additional  sum  of  125  dols.,  and  apprentices 
of  the  second  class  an  additional  sum  of  100  dols.  at  the  expiration 
of  their  full  term  of  apprenticeship  respectively. 

By  the  course  of  training  provided  for  in  this  system  it  is  believed 
that  a  great  benefit  will  accrue  to  the  mechanic  as  well  as  to  the  employer. 
To  young  men  who  have  received  a  thorough  technical  education,  the 
two  years'  course  in  shop  work  is  especially  recommended. 
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Apprentice's  Application. 

190 

BuRNiiAM,  Williams  &  Co. 

Gentlemen  : — I  desire  to  become  an  apprentice  in  your  employ, 

to  learn  the  trade  of 

I  was years  of  age  at  my  last  birthday,  which  occurred 

on  the day  of  19 

-am    sound    in     body,    industrious    and    intelligent,   having    attended 

school,  and  have  a 

knowledge  of  the  following  studies,  viz.  : — 


If  my  application  is  considered  favourably,  I  am  willing  to  be 
indentured  for  the  necessary  term  of  years. 

Respectfully  yours. 
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APPENDIX  No.  VII. 


INDENTURE   FOR   APPRENTICESHIP   AT   THE  WORKS 

OF   W.   SELLERS   &   CO. 

Note:  —Applications  for  Indenture  as  First  Class  Apprentices  will  be  considered 
from  boys  who  have  had  a  good  common  school  education,  and  are  not  over  seventeen 
years  and  three  months  of  age.  The  compensation  for  this  class  is  five  (5)  cents  per 
hour  first  year,  seven  (7)  cents  per  hour  second  year,  nine  (9)  cents  per  hour  third 
year,  and  eleven  (11)  cents  per  hour  fourth  year,  with  the  further  sum  of  125  dels, 
at  expiration  of  term  of  apprenticeship. 

Applications  for  Indenture  as  Second  Class  Apprentices  will  be  considered  from 
boys  who  have  had  an  advanced  Grammar  or  High  School  training,  and  are  not 
over  eighteen  years  of  age.  The  compensation  for  this  class  is  seven  (7)  cents  per 
hour  first  year,  nine  (9)  cents  per  hour  second  year,  and  eleven  (11)  cents  per  hour 
third  year,  with  the  further  sum  of  100  dols.  at  expiration  of  term  of  apprenticeship. 

Applications  for  a  special  course  of  instruction,  covering  a  period  of  two  years, 
will  be  considered  from  young  men  over  twenty-one  years  of  age  who  are  graduates 
of  colleges,  technical  schools  or  scientific  institutes. 


THIS  INDENTURE,  made  by  and  between  William  Sellers  & 
Co.,  INCOKPORATED,  of  the  City  of  Philadelphia,  Engineers,  of 

the  first  Part, — and  

of  the  second  Part,  VVitnesseth  that  the  said 

(with  the  consent  of  his 

doth  voluntarily,  and  of  his  own  free  will  and  accord,  put  himself 
apprentice  to  the  said  William  Sellers  &  Co.,  Incorporated,  to 

learn  the  art,  trade  and  mystery  of and  after 

the  manner  of  an  apprentice  to  serve  the  said  WiLLlAM  SELLERS  &  Co., 

Incorporated,  from  the  day  of  the  date  hereof,  until  the 

day  of  the month,  in   the  year   of  our  Lord,  one  thousand 

nine  hundred  and at  which  time  the  said 

will  have  attained  the  age  of  twenty-one 

years.     During  all  which  time  the  said 

....doth  covenant  and  promise,  and  is  hereby  bound,  that  he 

will  well  and  faithfully  serve  his  masters  and  obey  their  lawful  commands  ; 
that  he  will  do  no  damage  to  the  Company,  nor  wilfully  suffer 
any  to  be  done  by  others.  He  shall  not  waste  the  goods  of  the 
Company,  nor  lend  them  unlawfully  to  any.  He  shall  not  absent  himself 
from  its  service,  but  in  all  things  and  at  all  times  he  shall  carry  and 
behave  himself  as  a  good  and  faithful  apprentice  ought,  during  the 
whole  time  aforesaid.  And  the  said  William  Sellers  &  Co., 
Incorporated,  on  its  part,  covenants  and  promises  to  use  proper  effort 
to  teach  and  instruct,  or  cause  to   be  taught  and   instructed,  the  said 

during  such  time  as  he  shall  remain 

the  apprentice  of  the  Company,  in  the  art,  trade  or  mystery  of  

and  that  in  consideration  of  the  services,  and  in 

lieu  of  the  board,  clothing,  and  other  expenses  or  charges  of  him  the 
said the  said  WiLLiAM  Sellers 

A    A 
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&  Co.,  Incorporated,  shall  to  pay  him  as  follows,  viz.,  for  every  quarter 

hour  during  which  the  said shall  work 

for  the  Company  at  the  rate  of cents  per  quarter  hour,  until  he 

shall  have  worked   for  it  the  time  or  period  of  3,100  hours;  and  after 

that  at    the    rate  of. cents  per  quarter  hour,  until   he  shall  have 

worked  for  it  the  further  time  or  period  of  3,100  hours  ;  and  after  that 

at  the  rate  of. cents  per  quarter  hour  until  he  shall  have  worked  for 

it  the  further  time  or  period  of  3,100  hours  ;  and  for  all  the  remainder  of 

the  time  during  which  he  shall  work  for  it,  at  the  rate  of cents  per 

quarter  hour  ;  said  payments  to  be  paid  semi-monthly,  or  on  the  regular 
days  of  the  Company  for  the  payment  of  wages  ;  during  the  continuance 

of  this  agreement  each  day's  labour  of  him  the  said 

to  be  often  hours  ;  Provided,  however,  and  it  is  hereby  agreed,  that  at 
such  times  as  the  said  WILLIAM  Sellers  &  Co.,  Incorporated,  shall 

consider  that  its  business  requires  the  said 

to  work  for  more  or  less  than  ten  hours  in  the  day,  then  and  in  such  case 
he  shall  work  such  time  as  he  shall  be  required  by  the  said  William 
Sellers  &  Co.,  Incorporated,  who  shall  pay  him  therefor  at  the 
same  rate  per  quarter  hour  as  for  his  usual  day's  work — it  being  agreed 

nevertheless  that  the  said shall   at    all 

times  be  subject  to  the  control  of  his  masters,  whose  reasonable 
commands  he  shall  obey  in  all  matters  respecting  his  conduct  while 
an  apprentice. 

It  is  however  expressly  understood  and  agreed,  by  and  between  the 

said  William  Sellers  &  Co.,  Incorporated,  and  the  said 

that  if  he  shall  at  any  time  be  guilty  of  vicious 

or  immoral  conduct,  or  of  repeated  absences  without  leave,  or  of  neglect  of 
duty,  or  of  disobedience  of  reasonable  orders  that  then  the  said  WiLLIAM 

Sellers  &  Co.,  Incorporated,  may  discharge  the  said 

from  its  employ,  and    terminate    and    annul    this 

Indenture ;  and  the  said  dismissal  for  any  of  the  causes  aforesaid  shall 
be  final  and  conclusive  evidence  of  the  truth    thereof. 

For  the  faithful  performance  of  the  duties  of  the  said 

as  said  apprentice,  during  the  full  term  of  this 

Indenture,  the  said  William  Sellers  &  Co.,  Incorporated,  upon 
its  completion   and  his  attaining  the  full  age  of  twenty-one  years,  will 

pay  to  him  the  said the  additional 

.sum  of  five-tenths  of  one  cent  for  each  quarter  hour  worked  by  him 
under  this  Indenture. 

In  Witness  whereof,  the  said  party  of  the  first  part  has  hereunto 
affixed   its  corporate  seal  and  the  other  parties  hereto  have  hereunto 

affixed  their  hands  and  seals,  this 

day  of A.D.  19 to  take  effect  on  the 

day  of. A.D.  19 

as  though  it  had  been  executed  on  that  day. 

f, of  the  first  part   being 

years  of  age  the day 

of 19 and  having  determined  to  learn 

the  art,  trade,  or  mystery  of. under 

the  instruction  of  William  Sellers  &  Co.,  Incorporated,  of  the 
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second  part,  providing  it  will  accept  me  as  an  apprentice  ;   to  all  of 

which  my is  consenting. 

I  now  agree  and  am  hereby  bound  to  serve  WiLLlAM  Sellers  &  Co., 
Incorporated,  of  Philadelphia,  for  the  space  of  Six  Months,  from 

and  after 19 and  with  its  consent  to 

make  myself  an  apprentice  to  the  trade  aforesaid,  upon  the  terms  and 
conditions  as  expressed  in  the  blank  form  of  Indenture  herewith,  the  said 
William  Sellers  &  Co.,  Incorporated,  hereby  agree  to  pay  me  at 
the  rate  of  nine-tenths  of  a  cent  per  quarter  hour  during  such  time  as 
I  may  remain  in  its  employ  for  the  purpose  aforesaid ;  it  being 
expressly  understood  and  agreed,  that  the  said  VVlLLlAM  SELLERS  &  Co., 
Incorporated,  may  at  any  time  accept  my  services  as  an  apprentice 
under  the  Indenture  herewith,  or  discharge  me  from  its  employ. 

In    Witness  Whereof,  the  said  party  of  the  first  part  has  hereunto 

affixed  his  hand  and  seal.     And  the  said 

in  token  of  his  consent,  hereunto  has  set  his  hand 

and  seal,  and  the  party  of  the  second  part  has  hereunto  affixed  its 
corporate  seal  this day  of 19 

Prest, 

Attest Seey, 


APPENDIX  No.  VIII. 

AGREEMENT   AS   TO    INVENTIONS     AND    DISCOVERIES 

ADOPTED   BY   W.  SELLERS   &   CO. 

THIS   AGREEMENT  made  this day 
of. — 19 Between 

WiLLL\M  Sellers  &  Co.,  Incorporated  (hereinafter  called  Company), 

of  the  first  part  and 

(hereinafter  called  employe)  of  the  second  part,  witnesscth  : 

Whereas,  employe  is  employed  by  VViLLlAM  SELLERS  &  Co., 
Incorporated,  of  Philadelphia,  Pennsylvania,  on  the  condition  that  the 
said  Company  shall  have  the  benefit  of  all  of  his. time  and  all  of  his 
talents,  in  good  faith,  in  all  matters  connected  with  its  operations  while 
in  its  employ ; 

NaiVy  therefore,  for  and  in  consideration  of  one  dollar,  the  receipt 
of  which  is  hereby  acknowledged,  and  of  mutual  agreements,  said 
employ^  hereby  agrees  that  he  will  assign  absolutely  to  said  Company 
all  inventions  or  discoveries  of  any  kind  which  he  may  invent  or 
conceive  of  while  in  the  employ  of  said  Company,  at  any  time  either 
during  the  present,  or  during  any  extended  term,  in  ail  matters 
connected  with  its  operations  or  in  or  about  such  plant,  tools,  apparatus 

A  A    2 
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and  machinery,  and  the  processes  for  manufacturing  the  same,  as  in  the 
usual  course  of  the  business  of  the  said  Company  it  may  have  heretofore 
constructed  or  is  likely  to  construct  hereafter. 

And  the  said  employ^  further  agrees  that  he  will,  when  requested 
by  the  Manager  of  the  said  Company,  execute  all  lawful  papers  that 
may  be  requited  to  obtain  Letters  Patent  for  any  inventions  he  may 
make,  as  aforesaid,  either  in  this  or  in  any  foreign  country,  or  for  the 
reissue  or  the  extension  thereof,  and  will  make,  execute,  and  deliver 
to  the  said  Company  due  assignments,  in  writing,  of  all  the  interest 
that  he  may  or  might  have  in  and  to  all  such  inventions  or  improve- 
ments and  in  and  to  all  such  Letters  Patent  as  may  be  granted  pursuant 
thereto. 

And  the  said  employ^  further  agrees  that  he  will  not  make  any 
application  for  a  patent  in  the  United  States  or  in  any  foreign  country 
without  first  submitting  the  specifications  and  drawings  for  the  same 
to  the  President  of  the  said  Company,  and  receiving  from  him  a 
statement,  in  writing,  that  the  subject-matter  does  not  pertain  to  the 
business  of  the  said  Company. 

And  the  said  employe  further  agrees  that  any  patent  or  any  interest 
therein  that  may  be  granted  or  assigned  to  him  in  contravention  of  this 
agreement  shall  be  and  become  the  property  of  the  Company,  and,  upon 
demand,  in  writing,  by  the  President  of  the  Company,  shall  be  duly 
assigned  to  it. 

It  is  understood  and  agreed  that  all  expenses  in  connection  with 
any  application  for  a  patent,  in  this  or  in  any  foreign  country,  which 
may  be  assigned  to  or  which  may  otherwise  become  the  property 
of  William  Sellers  &  Co.,  IxcouroRATED,  under  this  agreement,  shall 
be  borne  by  William  Sellers  &  Co.,  Incorporated. 

Said  Company,  in  consideration  of  the  foregoing,  agrees  to  employ 

employe  for  the  term  of. 

for  a  compensation  by  it  to  be  paid  of 

and 

thereafter  from  term  to  term  at  a  like  compensation,  or  at  such  other 
"Compensation  as  may  be  mutual!}'  agreed  upon,  until  such  time  as 
employe  or  Company  shall,  at  the  option  of  either,  see  fit  to  dissolve 
the  connection. 

///  ll'i/^itss  W/icreof,  the  said  employe  has  hereunto  set  his  hand 
iuul  sral  and  the  Company  has  caused  to  be  affixed  its  corporate  seal 
the  ilay  and  )ear  first  above  written. 

1 1  'itnesses  : 


A  itest 


Tre  tsinrr.  President 
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APPENDIX  No.  IX. 


FORMS   FOR   SHOP   ORDERS   AT   WORKS   OF 

W.   SELLERS   &   CO. 


Shop  Order  for  Week. 


190 


No.  of  Order. 


Order  Book  Folio. 


Charge. 


For. 


Delivered 190 


Sig Receiving  and  Delivering  Clerk. 


WEIGHTS. 


Boxing  Lumber     feet,        Hauling      loads  to 


Charged 190 


Expense 


Sales  Book  Folio Sales  Clerk  Sig,.. 


Store  Clerk  Sig.. 


\VM.  SELLERS  &  Co..  I  INCORPORATED. 


Per. 


^;3 
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Cost  'jook  Kolio Cost  Clerk  Sig. 


0 


Received  bv  Koreman 


Kiin>h<U 


190 


Ciang  Foreman 


0 


Ktvvi\e\l  b>  Kcv*e;\in>:  and  Shipping  Clerk. 


0 


„     Salos 


»» 


I). 


„    Order 


tf 


vO.. 


..     ^■»>>t 


It 


ln>)K:\  Us! 


u,o. 


Clerk. 


Order  N<j. 


'v^; .  vv\: 


i(;0  I'^iiiishccl n)0 


v^ 


I'mishcd  Wcij^ht 


'^       \  I 


\\  \..l  >*. 


v>    Ni:   SU   K  Mills  I). 


Total     Ex- 

WagC>.  jKTiSCS. 


Material. 


Total 
cost. 


..  ..'s   51. 1  .1'  -x-.-oiN  ^"j;"if^)*ini:  ilif  (litlcront  >li(>ps  ordci>artincnt>. 
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PIECE    WORK    FORM   ADOPTED  AT   MIDVALE  STEEL 
WORKS. 


Fill  up  and  Return  on  Completion  of  this  Work. 

Statement  of  Time  Spknt  on  Piece  Work  Rate  . 
Tiu  work  on  this  rate  was  finished 


Workman's  Name       Dale. 


Siqiicd. . . 
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APPENDIX   No.  XI. 


MIDVALE    BENEFICIAL   ASSOCIATION. 


for  Power  of  Attorney. 

'pM.<     XCKKEMENT,   Made   the day    of 

190 ,  between  Midvale  Kencficial 

'vvN*^»^.*i;ti.'M.    'I   :iic  nrst  part,  and 

of  the  second  part, 

..'/I.....  i,    '  ut.is.  The  said  party  of  the  second   part  has   become 

L      »^...^x':      J   '.Ik*  -*ud  Association  and  has  assumed  certain  liabilities, 

.X   .,,^  ..    mmv:i    k-    s  desirous  to  secure;  the  parties  hereto   agree  as 

■  -..>.•.»-     .      KiLi    .1'   !C!Kler    such    security    effectual,  in    consideration 

^     '.wv:      ^ul^     «'t'    the    second    part    bein^    admitted    into    said 

^.  ..\;x«'if  ..j'^-ii  'tis  i^rv^mise  to  enter  into  this  agreement. 

..    *       i    t'^c  second   part,    will    deliver  to  such   person    as 
^         M.      V  :'*o    Froasurcr  of  the   Midvale  Steel   Company, 

v\»'.loct  from  time  to  time,  and  to  receipt    for, 

•.i^c-x  A-   >hall    be    necessary    to  pay    all  sums  which 

s.     *.     *  :r.    in    consequence    of  his  said  membership. 

V     '    ;ho  nature    of  an  assignment   of  his  wages, 

<>.i       .V    irrevocable. 

V    1     :  *x;   seal  of  the  said  party  of  the  second    part 

1  •  ••»."■  * 


1      ■  ■\.  \ 


\  ■ 


[SEAL.] 
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APPENDIX  No.  XII. 

EXTRACT  FROM  WAGES  BOOK  AT  WORKS  OF  WM. 
SELLERS  &  COMPANY,  GIVING  ACTUAL  WAGES, 
OCT.,  1901. 


X  <xy    J 

LVV^ll      \J 

I   jjtfitij 

Jiyjy  \,^ 

iij    . . . 



•  •  •  • 

1 

For  Week 

ending 

Name. 

Regis- 
ter No. 

Work. 

■" 

1 

D. 

W. 

P. 

W. 

Amount 

(Quarter 
Hours. 

Rate. 
DoU. 

Wages. 
Dols. 

Wages. 
Dols. 

Due. 
I>ols. 

Mechanics, 

i 

1                 204 

13 

1 
57 

Ruth,  Harry         

1171 

Fitter  1 

219 

5*8 

14 

67 

13 

57 

Campbell,  A 

1172 

i» 

24 

67 

3 

60 

14 

67 

Klenk,  Jno            

1173 

j» 

201 

50 

10 

05 

'3 

65 

Mungesser,  H 

1 174 

F:iec.  ,  225 

5*5 

12 

37 

12 

37 

Knight,  Amos       

1175 

Finer!  225 
224 

82 

18 

37 

18 

84 

18 

37 

Acuff,  Alfred         

1 1 76 

»> 

225 

5*5 

12 

39 

18 

84 

Brown,  Edw. 

1 177 

" 

5*5 

12 

39 

Culbecrtson,  J  as 

1 178 

Carp. 

22'? 

5*5 

12 

26 

12 

26 

Lathe  Hands. 

191 

17 

36 

Buchanan,  Wm 

1329 

La. 

24 

6-3 

I 

51 

18 

87 

225 

33 

5^ 

Kimes,  Jos.           

1330 

Tool 

217 

75 

12 

75 

33 

50 

Stulz,  J.  Louis       

1331 

(irind 

186 

30 

7 

21 

12 

75 

Kniveton,  Jno.  W. 

1332 

Appr.     133 

30 

66 

7 

87 

144 

8 

78 

Rutter,  C.  \V 

1333 

Dr. 

1 

81 
225 

5*5 

4 

45 

15 

42 

13 

23 

Garlick,  Harry     

1334 

T.  La 

223 

30 
30 

10 

63 

I  5 

42 

Richards,  Frank 

«335 

)> 

10 

63 

Labourers, 

Mclaughlin,  Wm. 

1567 

Help     241 

3'o 

7 

23 

7 

23 

Meier,  Chas 

1568 

)f 

249 

30 

7 

47 

7 

47 

Ryder,  Chas 

1569 

>» 

225 

35 

7 

87 

7     87 

Pagan,  B.  B 

1570 

Clerk'  225 

2'5 

5 

62 

5 

62 

Prindle,  N.  B 

1571 

Help  i  225 

3*8 

8 

55 

8 

55 

Glunz,  Jno.           

1572 

.,      '  225 

2'5 

5 

62 

5 

62 

Haggerty,  Wm 

Ran,  Harry          

'573 

jj 

61 

30 

I 

83 

I     83 

1574 

»> 

223 

30 

6 

6<; 

6 

69 
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APPENDIX  No.  XIII. 


AMERICAN  RAILWAY  RATES  FOR  THE  TRANSPORT  OF 
MINERAL  AND  IRON  AND  STEEL  TRAFFIC,  SPECI- 
ALLY COMPILED  FOR  THIS  REPORT  BY  THE  INTER- 
STATE  COMMERCE  COMMISSION. 

Bituminous  Coal  Rates. 


Inter-State  Commerce  Commission, 

Auditor's  Office,  November  2,  1901. 

Statement  Showing  the  Mileage,  Rate  per  Ton  of  2,000  lbs.,  and  Rate 
per  Ton  per  Mile  on  BITUMINOUS  COAL  from  Points  in  V^irginia 
AND  W.  Virginia  to  Norfolk,  Va. 


From 


Pocahontas,  Va. 
Rodcrfield,  W.  Va. 
Norton,  Va. 
Thacker,  W.  V'a. 
Radnor,  W.  Va. 


To  Norfolk,  Va. 


373 

413 
466 

456 

530 


Kate  in  cents  per  ton  Rates  per  ton  per 
of  2,000  lbs.        I  mile. 


170 
170 
180 

185 
190 


0-46 
0*41 
039 
0*41 
036 


No  special  rates  on  export  traffic. 


From 


Coalburg,  VV.  Va. 
Gauley,  \V.  Va. 
Hawk's  Nest  W.  \'a  , 
Thurmond,  W.  Va. 


Mileage. 


448 
426 
419 
401 


To    Norfolk,  Va. 


Rate  in  cents  per  ton 
of  2,03olbs. 


210 
210 

195 
195 


Rate  per   ton  pet 
mile. 


047 
049 
0-47 
049 


No  special  rates  on  export  traffic. 
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Bituminous  Coal  Rates  (continued). 


Inter-State  Co.mmerce  Commission, 

Auditor's  Office,  November  2,  1901. 

tatfment  showing  distance,  rate  in  cents  per  ton  of  2,240  lbs.  and  in 
Cenis  per  Ton  of  2,ocx>  lbs.  per  Mile  on  BITUMINOUS  COAL 
FROM  Mines  in  Pennsylvania,  Maryland  and  West  Virginia  to 
New  York,  N.Y.,  Philadelphia,  Pa,  and  Baltimore,  Md. 


To 

! 

1 

To 

To 

Nkw  York,  N.Y. 

'  PuiLAnELI'HIA,  Pa. 

Bal 

• 

11  MORE 

,  Mi>. 

From 

1 

ate  per  ton 
f  2,24<.  ll>s. 

ate  per  ton 
"  2,000  lbs. 
per  mile. 

• 

ate  per  ton 
'2,240  lbs. 

ate  per  ton 
2,000  lbs. 
per  mile. 

ate  per  ton 
f  2,240  lbs. 

.ate  per  ton 
'2,000  lbs. 
per  mile. 

1  a^  c 

«  0 

.    ^0 

0^^      1 

1 

cc  0 

K  0 

Miftes  in  Penna  : 

1 

1 

1 
t 

Clearfield,  Pa.            ..., 

346  1   180 

0-47 

250 

145 

052 

State  Line,  Pa. 

379 

195 

0*46 

.    (No 

Rates) 

283 

145 

046 

Latrobe,  Pa 

395  ,  180 

0*41 

1 

299 

<45 

043 

Mines  in  Maryland: 
Cumberland,  Md. 

(To   Jerse 

y  City) 

377  '   185 

•0047 

287 

145 

0-45 

192 

145 

0-675 

1 

•no 

034 

•103 

048 

Piedmont,  Md. 

1 

405      185 

1 

0*41 

315 

i45 
•no 

041  i 
0-31 

220 

145 
•103 

059 
0*42 

Deek  Park,  Md. 

425      1-5 

039 

355 

145 

036 

240 

145 

054 

♦no 

029 

♦103 

038 

Mines  in  W.  Virginia: 

(To   Jerse 

y  City) 

Clarksburg,  W.  Va.    . 

501      195 

035 

411 

170 
•135 

037 
024 

316 

170 
•128 

048 
036 

Fairmont,  W.  Va.      ...' 

501      195 

0-35 

411 

170 
•135 

037 
024 

316 

170 
•128 

048 
036 

Moundsville,  W.  Va.... 

567 

195 

0*31 

i  477 

1 

1 

170 
•135 

032 
021 

382 

170 
•128 

04 
03 

Mines  in  Penna  :               ' 

(To 

Jerse 

y  City) 

1 

Connellsville,  Pa. 

469 

195 

0-37 

380 

170 

04 

284 

170 

053 

•135 

027 

•128 

04 

Mcyersdale,  Pa.        ...' 

414     170 

036 

324 

145 

04     1 

229 

145 

057 

1 

i 

•no 

03 

: 

•103 

1 

04 

(Rales  marked  thus  *  for  outside  of  Capes). 
No  special  rates  on  export  traffic  to  New  York. 
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Bituminous  Coal  Rates  {coniintted). 

Statement  Showing  Distance,  Rate  and  Rate  per  Ton  per  Mile  on 
BITU  MINOUS  COAL  from  Coalburg,  W.  Va.,  Gauley,  W.  Va.,  Hawks- 
viLLE,  W.  Va.,  and  Thurmond,  W.  Va.,  to  Newport  News,  Va. 


To  Newport  News.  Va. 

iiituminous  Ctial 

Milcag< 
428 

From. 

5. 

Rate. 

Rate  per  ton  of 
2,000  lbs. 
per  mile. 

Coalburg,  W.Va. 

185  In  cents  per  Ton  of  2,000 
♦180        „        „        „        2,240 
ti35        »        »        »»        2,240 

lbs. 

043 
038 
028 

Gauley          ,, 

406 

185  In  cents  per  Ton  of  2,000 
•180        „        :,        „        2,240 
ti35        »        »        »»        2,240 

lbs. 

0-46 
04 

0*29 

Hawksville   „ 

399 

170  In  cents  per  Ton  of  2,000 

*i7o        ,,        „        „        2,240 

'  ti25        „        „        „        2,240 

lbs. 

043 
038 
028 

Thuraiond    „ 

381 

170  In  cents  per  Ton  of  2,000 
♦170        .,        .,        »»        2,240 
+  125        „        „        „        2,240 

lbs. 

045 
04 

03 

Note. — Rates  marked  thus  •  are  for  bunkerage  purposes  only. 
Rates  marked  thus  t  when  destined  beyond  the  Capes. 


Statkmknt  Sho\vin(;  the  Distance,  Ratk  per  Ton  of  2,000  lbs.,  and  Rate 
PER  Ton  per  Mile,  on  BITUMINOUS  COAL  from  Pittsburg,  Pa., 
TO  Chica(;o,  III.,  East  St.  Louis,  III.,  Cincinnati,  O.,  Louisville, 
Ky,  and  Buffalo,  N.Y 


To 


Chicago,  111 
East  St.  Louis,  III. 
Cincinnati,  Ohio 
Louisville,  Kv. 
Buffalo,  N.Y.' 


Mileage. 


468 
Oil 

3»3 
423 
235 


From  Pittsburg,  Pa. 


Kate  in  cents  per 
ton  of  2,000  lbs. 


175 
215 

135 

»75 
100 


Rate  per  ton 
per  mile. 


0-37 
o*35 

o*43 
0*41 

043 
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Iron  and  Steel  Rates. 

Statement  Showing  the  Distance,  Rate,  and  Rate  per  Ton  per  Mil£on 
IRON  AND  STEEL  COMMODITIES,  shown  helow,  from  Pittsburg, 
Pa,  to  New  Orleans,  La.,  Pensacola,  Fla.,  and  Mobile,  Ala. 


1 

1 
1 

From 

Pittsburg,   Pa. 

Miles. 

1,142. 

1,076 
acola, 

Fla. 

I  »C93. 

To 

New  Orleans,  La. 

I»en.s 

8 

Mobile, 

Ala. 

8ii§    ■ 

8 

8'5§ 

§ 

•^    ♦rf    *^ 

0 

« *-  ♦- 

0 

^m 

w  ♦^■ 

Q 

'0^ 

^'^' '- 
5.S. 

V5 

•    .^  c  .i£  - 

°  s 

0   fi 

— 

w    c 

7) 

0  55  — 

^  S 

Commodities. 

in  cent 
except 
,  which 
of  2,240 

per  ton 
bs.  per 

in  cent 

except 

,  which 

0 

M 
M 

C 

per   ton 
lbs.  per 

c 
u 

except 
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29 

05 

29 
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20 
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Structural  Iron     ... 

29 
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29 
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No  special  rates  on  export  traffic. 
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Iron  and  Steel  Rates  {continusd). 


inter-State  Commerce  Commission, 

Auditor's  Office,  November  2,  1901. 

Statement  Showing;  the  Distance,  Rate,  and  Rate  per  Ton  per  Mile  ox 
IRON  AND  STEEL  shown  below,  from  Pittsburg,  Pa.,  to  East  St. 
Louis,  111.,  and  Chicago,  III. 


1 
1 

j 

l-r 

om  r 

ittsburg,  Pa. 

Mileage. 

Mileage. 

621. 

468 

To 

To 

ComnKxiitics. 

1 

Kast 

St.  Louis,  111. 

Rate  per 

Chicago,  111. 

Rate  })er 

Ton  per 

Ton  per 

Mile  (of 

Rate. 

Mile  (of 

Rate. 

2,0<^u 

2,000 

lbs.). 

..  0-445 

310 

lbs. 

lbs.). 

Pig-iron 

per  ton  2,240 

0477 

250  per  ton    2,240   lbs. 

Steel  Rails 

.  .     o-4<^7 

325 

>»         »» 

0535 

"^^^         >»          »           » 

„     Blooms 

..     0-474 

330 

»»         V 

0515 

270 

„    Billets      , 

...|   0-474 

330 

jj         j> 

0-515 

270         „          „ 

„     Bars 

...     0-474 

330 

»         »' 

0515 

-I?         »       ,t_" 

„     Sheets 

...    0-531 

i6i 

per  100  lbs. 

0705 

i6i  per  100  lbs. 

Wire  Rods 

...    0-474 

!  330  per  ton  2,240 

lbs. 

0515 

270  per  ton  2,240  lbs. 

Merchant  Iron 

...    0-531 

i6i 

per  100  lbs. 

0641 

15  per  100  lbs. 

Tinplate 

...     0-628 

1  19^ 

M          >i 

0769 

i»        „ 

Structural  Iron 

...    0-531 

16A 

n               »» 

0-641 

1 

'5        »         i» 
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Iron  and  Steel  Rates  {rofi/inued). 

Statement  Showing  the  Distance,  Rate,  and  Rate  per  Ton,  of  2,000  lbs. 
PER  Mile  on  IRON  .\nd  STEEL  fkom  Pittsburg,  Pa.,  to  New  York,  N.Y., 
Philadelphia,  Pa.,  Baltlmore,  Ma,  Norfolk,  Va. 


Pig-iron 

Steel  Rails   ... 
Blooms 
Billets ... 
Bars     . . 
„     Sheet  ... 

Wire  Rods    ... 

Merchant  Iron 

Tinplate 

Structural  Iron 


1  . 

From  Pittsburg,  Pa. 

444  miles. 

1 
1 

353  miles. 

1 
1                                                                  ; 

;           To  New  York,  N.V. 

To  Philadelphia,  Pa. 

1 

Rate. 

Rate  per  Ton 
\yeT  Mile. 

Rate. 

Rate  per  Ton 
per  Mile. 

1 

220  (ton  2,268  lbs.) 
;    280     „    2,240    „ 
240      )t           ,1        It 

240   „      „    ,, 
:  240   „      „     „ 

13  (per  100  lbs.) 
240  (ton  2,240 lbs.) 
13  (per  100  lbs) 
*o     „       „       „ 

^3       M          M          »♦ 

044 
0-56 
0*46 
0*46 
0*46 
059 
046 

059 
08 1 

059 

1 

200  (ton 2,268 lbs) 
240    „    2,240    „ 
220    ,,        .««      „ 
220    „        „      „ 
220    „        „      „ 
12  (per  100  lbs.) 
220  (ton  2, 240 lbs.) 
12  (per  100  lbs.) 
lo     ,,         „     „ 
*  2     „         „     „ 

05 

0-6 

056 

056 

056 

068 

056 

068 

0-91 

068 

From  Vin 
334  miles. 

SBURC,  Pa. 

1 

503  miles 

To  Norfolk, 

* 

— 

190  ( 

230 

210 

210 

210 

III 
210 

Hi 

15 
Ilk 

To  Hai.iimor 

K,    Ml). 

Rate  per  Ton 
per  .Mile.     ' 

Va. 

Rate. 

Rale. 

Rale  per  Ton 
l>er  Mile. 

Pig-iron        

Steel  Rails 

„     Blooms 

„     Billets 

„     Bars     

.,     Sheet 

Wire  Rods    

Merchant  Iron     ... 

Tinplate       

Structural  Iron    ... 

ion  2,268 lbs.) 
»     2,240   „ 

(per  100  lbs.) 
(ton  2,240!  bs. 
(per  100  lbs.;. 

»J                »>              M 

>»         n        >» 

0-5 
065 
0*56 
056 
0  56 

07 

0-56 

07 

089 

07 

240  (ton  2,268  lbs  ) 
280    „     2,240  „ 
'»6o 

260      „           „        „ 

16  (per  100  lbs.) 
260  (ton  2, 240 lbs.) 

16  (per  too  lbs.) 

— vy      ,,        ,,        ,, 

10     ,,       „      „      1 

0-4  :£ 

05 

0-46 

0-46 

046 

0*64 

046 

0*64 

08 

064 

No  special  rates  on  exix>rt  traffic. 
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APPENDIX  No.  XIV. 


CHIEF   RULES   OF   THE    MIDVALE   BENEFICIAL 

ASSOCIATION. 

Officers. 

A  Board  of  seven  (7)  Trustees  shall  be  annually  appointed  by 
the  Superintendent  of  the  Midvale  Steel  Company,  in  the  first  week 
in  January,  from  among  the  members  of  the  Association,  to  serve 
during  the  ensuing  year,  or  until  their  successors  are  appointed. 
Vacancies  occurring  in  this  Board  shall  be  filled  by  the  Superin- 
tendent of  the  Midvale  Steel  Company. 

Fees  and  Dues. 

Each  member  of  this  Association  shall  pay  an  entrance  fee  of 
fifty   (50;  cents  ;  and   weekly  dues  amounting  to    five   (5)  cents. 

No  dues  shall  be  exacted  from  any  member  of  the  Association 
for  any  week  in  which  he  earns  no  wages. 

Each  member  shall,  upon  joining  the  Association,  give  to  the 
Treasurer  of  the  Midvale  Steel  Company  a  power  of  attorney  in 
such  form  as  shall  amount  to  an  assignment  of  his  wages  pro  tanio, 
authorising  him  to  take  from  his  (the  member's)  weekly  wages  the 
sum  of  fifty-five  (55:  cents,  for  that  current  week,  and  five  (5)  cents 
per  week  for  each  week  thereafter  ;  also  to  retain  the  sum  of  fifty 
(50)  cents  from  his  wages  whenever  the  Treasurer  of  the  Midvale 
Steel  Company  shall  receive  from  the  President  of  the  Association 
a  request  to  deduct  from  the  wages  of  each  member  of  the  Associa- 
tion fifty  (50)  cents,  on  account  of  a  benefit  to  be  paid  upon  the 
death  of  a  member.  All  mone\s  deducted  or  retained  from  the 
wages  of  members  of  the  Association  by  the  Treasurer  of  the  Mid- 
vale Steel  Companv  shall  be  delivered  wceklv  to  the  Treasury  of 
the   Association. 

An\'  member  losing  his  right  of  membership  in  consequence  of 
leaving  c)r  being  discharged  from  the  services  of  the  Midvale  Steel 
Company  can,  if  reinstated  in  said  service,  again  become  a  member 
of  the  Associati(»n  upon  filing  a  new  application,  as  required  in 
Article    II.,  Section  2. 

Any  member  of  the  Association  losing  his  rights  of  membership 
in  consequence  of  leaving  or  being  discharged  from  the  service  of 
the  Midvale  Steel  Compan\'  (without  having  drawn  any  benefits  from 
the  A.s.sociation),  within  thirty  calendar  daws  after  the  date  of  his 
employment,  shall  have  returned  to  him  the  sum  of  fifty  (50)  cents 
paid  as  entrance  fee  at  the  time  of  his  joining  the  Association, 
which  sum  he  must  again  pay  into  the  Association  as  an  entrance 
fee  at  any  future  time  he  may  again  be  employed  by  the  Company. 
If,  however,  any  member  loses  his  right  of  membership  in  conse- 
quence of  leaving  or  being  discharged  at  a  date  later  than  thirty 
calendar  days  after  the  date  of  his  employment,  his  entrance   fee  to 
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the  Association  of  fifty  cents  will  not  be  returned  to  him  :  but  in 
this  case,  if,  at  any  future  time,  he  is  again  employed  by  the  Com- 
pany, and,  consequently,  becomes  a  member  of  the  Association,  he 
will  not  be  obliged  to  pay  an  entrance  fee. 

Benefits. 

The  weekly  benefits  to  be  awarded  during  each  three  (3)  months 
shall  be  determined  upon  by  a  majority  of  the  Trustees  present  at 
their  meetings  in  January,  April,  July  and  October  ;  and  in  case  of 
a  failure  at  any  meeting  to  designate,  the  amount  theretofore  exist- 
ing shall  continue  ;  the  sums  so  determined  upon  to  be  based  upon 
the  financial  condition  of  the  Association  at  the  time  of  such 
meeting :  Provided,  That  the  weekly  benefits  shall  not  exceed  five 
(5)  dollars  per  week.  This  action  of  the  Trustees  shall  be  published 
to  the  members  by  the  Secretary.  Benefits  shall  be  paid,  pro  rata^ 
for  fractions  of  a  week  lost  through  accident  in  the  works  :  Provided, 
That  no  benefits  shall  be  paid  for  less  than  two  consecutive  days 
so  lost. 

In  the  event  of  any  member  becoming  disabled    or  incapacitated 
for   service  by  an   accident  in    the  works,  the   Trustees  shall  draw  an 
order  upon   the  Treasurer  for  the  amount  of  benefits  herein  provided. 
In    such  case  the    amount  should    be  paid  to    the   member    disabled  ; 
and   in  all  cases  the  settlement  shall  be  made  as   soon  as   practicable 
after  disability  occurs  ;    but   not   more  than  sixty  (6o)  dollars  shall  be 
paid  to  any  member  for  disability  caused  by  one  accident,  unless    in 
case  of  serious    injury   and    b\'    a    unanimous    vote    of    the    Trustees 
present.      In    case  any    member    be   injured    by    an    accident    in    the 
works,  and   die  within  six  (6)  months  thereafter,  and  it  be  proved  to 
the  satisfaction  of  the  Trustees  that  his  death  was  caused  by  and  was 
the  result  of  such  accident,  the  Trustees  or  a  majority  of  them  shall, 
through  their  President,  request  the    Treasurer  of   the  Midvale    Steel 
Company  to  deduct  fifty  (50)  cents  from  the  wages  of   each  member 
of   the  Association.       In  case  of  death  of  a   member  of  the  Midvale 
Beneficial   Association,  after  having  been  a  member    of  the    Associa- 
tion for  24  consecutive  months  the  Trustees,  or  a    majority    of  them 
may,  at  their  option  and   with  the  approval  of  the  Superintendent  of 
the    Midvale    Steel    Compan\%    through    their    President,   request   the 
Treasurer  of  the  Midvale  Steel  Company  to  deduct  fifteen   (15)  cents 
from   the  wages   of  each    member    of  the    Association.       In    case   of 
death  of  a  member,  after   having  been  a  member  of  the  Association 
for    five    (5)    consecutive   years,    the    sum  of  two  hundred    and    fifty 
(S250)    dollars    shall    be    paid     from  the    treasury     of    the     Midvale 
Beneficial    Association,   in   addition    to   the  death   assessment,  to   the 
beneficiary    named    upon     the     deceased     member's     application    for 
membership,  if  the  Trustees,  or  a  majority  of  them,  decide  that  the 
Association's  financial  condition  admits  of  it.     They  shall   also  order, 
as  hereinafter  provided,  that  the   Treasurer  of  the   Association    shall 
pay  the  amount  so   obtained    to    the    beneficiary    named    upon     the 
deceased  member's   application    for    membership.      Members    may    at 
any  time  or   times   by    writings    filed    under    their    hands    and    seals 
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revoke  the  designations  of  beneficiaries  named  in  their  applications, 
during  the  life  of  such  beneficiaries,  and  appoint  new  beneficiaries, 
and  they  may  reappoint  new  beneficiaries  from  time  to  time,  in 
which  event  or  events  the  benefits  herein  declared  to  be  payable  to 
the  beneficiaries  named  upon  deceased  member's  applications  shall 
be  payable  to  the  persons  designated  in  the  new  applications  in 
force  upon  the  death  of  the  respective  members.  But  no  revocation 
of  a  prior  appointment  and  no  new  appointment  shall  be  operative 
or  effective  unless  the  same  is  in  writing  under  the  hand  and  seal 
of  the  member,  witnessed  by  two  persons,  and  assented  to  by  an 
officer  of  the  Association  and  the  same  lodged  with  the  Association. 

The  moneys  which  shall  become  due  and  payable  under  the  pro- 
visions of  these  By-Laws  shall  be  payable  only  to  the  member  him- 
self, or  to  his  nominee  in  case  of  death  ;  and  shall  not  be  subject 
to  or  affected  by  any  attachment  or  execution  process  whatsoever 
against  such  disabled  member  or  his  nominee. 

The  Trustees  shall  decide  at  a  stated  or  special  meeting 
whether  the  accident  has  been  sufficient  to  cause  disability  or 
death.  The  certificate  of  a  physician,  considered  by  the  Trustees  to 
be  in  good  standing,  may  be  sufficient  evidence  of  the  fact.  The 
vote  of  a  majority  of  the  Trustees  present  at  a  meeting  shall  be 
final  and  conclusive  as  to  the  rights  of  any  claimant. 

All  orders  drawn  for  benefits  must  be  signed  by  not  less  than 
three  (3)  of  the  Trustees,  and  shall  be  countersigned  by  the  Secretary 
of  the  Association. 

All  men  injured  in  the  works  must  notify  the  Secretary  of  the 
Association  not  later  than  the  day  following  the  injury  and  must 
obey  the  doctor's  instructions  in  reporting  for  examination,  using  the 
remedies  prescribed  and  going  to  the  hospital  if  requested.  No 
benefits  will  be  paid   unless  the  above  instructions  are  carried  out. 


Certificate  of  Membership. 

No 

Philadelphia 1 90 

This  is  to  certify,    That 

residing    

having  made  application  in  due  form  for  membership  in  the  Midvale 
Beneficial  Association,  and  having  promised  and  agreed  to  be  bound 
by  the  By-Laws  of  the  same  ;  said  application  has  been  approved 
by  the  Trustees  of  said  Association,  and  that  from  this  date  he  is 
entitled  to  all  benefits  accruing  to  members  of  said  Association  as 
provided  for  in  said  By-Laws. 

•••.••.••.••....... .•.........«•.«..«*•. .  ...... 

PresidaiL 

Secretary* 
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APPENDIX  No.  XV. 


THE   MIDVALE   STEEL   COMPANY'S  GENERAL  RULES.  . 

1.  The  ordinary  hours  in  these  Works  will  be  as  follows  :  Day 
turn,  from  6.30  a.m.  to  12  m.  ;  from  12.30  p.m.  to  5.10  p.m.  Saturdays, 
12  m.  Night  turn,  from  5.30  to  11.30  p.m.;  from  12  a.m.  to  6  a.m.; 
Saturday  nights  excepted.  The  whistle  will  blow  at  above  hours  ; 
every  man  must  be  at  his  post  and  at  work  from  whistle  blow  to 
whistle  blow.  All  employes  are  expected  to  hold  themselves  in 
readiness  to  work  Saturday  afternoons  and  nights,  and  also  overtime, 
upon  occasion,  when  specially  notified  so  to  do  by  the  foreman  under 
special  orders  issued  by  any  head  or  heads  of  Departments  or  the 
Superintendent. 

2.  All  employes  must  be  on  hand  every  day  unless  laid  off  or 
excused.  Any  man  tardy  or  absent  without  permission  may  be  fined 
in  an  amount  or  amounts  at  the  discretion  of  the  Superintendent.  In 
case  of  two  days'  absence  without  notification  sent  to  the  Timekeeper, 
ten  hours'  wages  will  be  deducted  from  the  time  made. 

3.  In  case  of  absence  at  night  without  notification  to  the  Timekeeper 
before  3  p.m.  of  same  day,  five  hours'  wages  will  be  deducted  from  time 
made.  On  Saturday  night,  Sunday  and  Sunday  night  said  notification 
must  be  given  before  1 2  m.  Saturday. 

4.  Any  man  absent  on  Thursday  morning  or  night,  or  morning  or 
night  after  pay-day,  without  being  excused  by  the  head  of  his  Depart- 
ment, will  be  fined  five  hours'  pay. 

5.  Every  man  is  required  to  give  three  days'  notice  to  the  Time- 
keeper of  his  intention  to  leave  the  employ  of  the  Company.  Any 
workman  quitting  the  Company's  employ  without  giving  such  full 
three  days'  notice,  shall  forfeit  one  day's  pay,  and  the  same  shall 
become  the  property  of  the  Company,  and  no  right  of  action  shall  exist 
in  the  workman  for  recovery  of  the  same. 

6.  Every  man  shall  keep  the  tools  and  the  specific  property  in  his 
charge  or  with  which  he  is  working,  clean  and  in  good  order.  Men  in 
charge  of  machines  or  tools  must  not  leave  them  while  running.  Damage 
to  or  defects  in  implements,  tools,  machines,  work  in  progress,  or  other 
property  of  the  Company,  and  the  necessity  for  repairs  thereto,  must 
be  promptly  reported  in  writing  and  signed  by  the  workman  using 
the  same,  to  the  head  of  his  Department.  No  promise  to  repair,  or 
instructions  given  to  continue  work  pending  repairs,  shall  be  binding 
upon  the  Company  unless  made  by  the  head  of  a  department,  after 
notice  in  writing  of  the  need  for  repairs. 

7.  Any  damage  done  to  tools,  implements,  machines,  or  work  in 
progress,  and  to  other  property  of  the  Company,  will  be  charged  to  the 
person  last  using  the  same,  or  last  engaged  upon  the  work,  unless  he 
has  previously  reported  in  writing  the  said  damage  as  existing.     The 
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damage  in  such  case  shall  be  assessed  by  the  head  of  the  Department 
or  the  Superintendent  of  the  Works,  and  there  shall  be  no  appeal  from 
such  assessment. 

The  amount  of  such  assessment  may  be  deducted  from  the  workman's 
wages.  Committing  nuisance  about  the  Works,  or  the  injury  or 
defacement  of  the  Company's  property,  sleeping  or  lying  down  during 
working  hours,  or  bringing  intoxicating  liquors  into  the  Works,  will  be 
punished  rigorously  by  a  fine  at  the  discretion  of  the  Superintendent, 
or  by  discharge  of  the  workman. 

8.  Smoking  is  prohibited  in  the  Works  except  between  the  following 
hours:  6  a.m.  to  6.30  a.m.,  12  m.  to  i  p.m.,  5.10  p.m.  to  5.30p.m., 
11.30  p.m.  to  12.30  a.m.  At  no  time  will  smoking  be  allowed  in  the 
.several  departments  where  specially  prohibited 

9.  The  foreman  of  a  shop  or  gang  will  be  held  responsible  for  the 
general  order  of  his  premises  ;  the  driver  of  a  machine,  tool,  hammer, 
engine,  pump,  crane,  etc.,  for  its  condition  in  respect  to  neatness  and 
proper  care. 

10.  The  foreman  of  a  shop  or  gang  must  exact  obedience  to  his  own 
orders,  and  to  the  rules  of  the  Works.  It  will  be  his  duty  to  report 
any  violation  of  these  rules  to  the  Superintendent. 

11.  No  man  will  be  allowed  to  use  the  tools  of  a  shop  in  which 
he  does  not  belong,  or  to  take  them  from  their  proper  places,  or  to 
use  or  start  a  machine  tool,  or  machine,  hammer,  engine,  pump,  crane, 
etc.,  unless  he  does  so  under  the  direction  of  the  foreman  of  the 
shop  in  which  it  belongs,  or  unless  he  is  employed  to  run  the 
same. 

12.  Tools  taken  from  their  proper  places  to  be  used  elsewhere  in 
the  shops  or  yards,  must  be  put  back  where  they  belong  when  no  longer 
in  use.  Any  litter  or  disorder  necessarily  left  after  a  job  must  be 
reported  to  the  foreman  of  the  yard  to  be  removed. 

13.  Any  employe  violating  any  of  the  rules  of  the  Midvale  Steel 
Company  will  be  fined  in  an  amount  or  amounts  according  as  herein- 
before provided,  and  if  not  definitch*  provided  herein,  at  the  dis- 
cretion of  the  head  of  the  Department  or  the  Superintendent  of  the 
Works. 

Continuance  in  the  employ  of  the  Company  after  being  subjected 
to  a  fine  or  assessment  for  violation  of  rules  of  the  Company,  or 
damage  to  work,  tools,  or  })roperty  of  the  Company,  shall  be  an 
acknowledgment  on  part  of  the  employe  of  acceptance  of  same,  and 
in  consideration  of  such  further  cm})loyment  the  emplo\-e  shall  have 
no  further  right  or  claim  for  the  money  represented  by  said  fine  or 
assessment. 

14.  Additional  special  rules  governing  the  operation  of  the  Works, 
or  of  particular  Departments  thereof,  and  the  conduct  of  employes, 
may  be  made  and  promulgated  from  time  to  time,  and  workmen  are 
expected  to  obey  the  same.  The  acceptance  of  employment  with  the 
Company  shall  be  considered  as  an  agreement  to  abide  by  all  the 
above  mentioned  rules,  and  all  other  reasonable  rules  promulgated,  and 
to  be  promulgated  ;  and  the  continuance  of  every  employe  in  the 
Company's  empIo\-  shall  be  considered  as  dependent  upon  a  strict 
obedience  thereto. 
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APP6ND1X  No.  XVI. 


THE   MIDVALE   STEEL  COMPANY. 


Locomotive  Tire  Prices. 

In  reply  to  your  esteemed  favour  of. we  take  pleasure  in 

quoting   the    following    prices    on    LOCOMOTIVE    TlUES     of    regular 
sections. 


MIDVALE  OPENIiEARTH  BRAND. 


Tires. 

Price  in  Rough. 

5c.  per  lb. 
6c.  per  lb. 

Price  Bored. 

Price  Bored  and  Grooved 
for  Retaining  Rings. 

For  33-in.  wheel  centres  and  over 
For  i8-in.  to  33-in.  wheel  centres 

she.  per  lb. 
6jc.  per  lb. 

6  cents  per  lb. 

MIDVALE   CRUCIBLE    BRAND. 


Tires. 


Price  in  Rough.'     Price  Bored. 


For  33-in.  wheel  centres  and  over     7c.  prr  lb.     [    y\c.  per  lb. 
For  1 8- in.  to  33-in.  wheel  centres     8c.  per  lb.        8jc.  per  lb. 


Price  Bored  and  Grooved 
for  Retaining  Rings. 


8  cents  per  lb. 


Retaining  Rings,  Rough,  8c.  per  lb. 


Finished,  I2c.  per  lb. 


These  prices  include  delivery  to  points  in  the  United  States  on  or 
east  of  the  Mississippi  River,  south  of  Minneapolis,  or  east  of  a  line  due 
north  from  Minneapolis,  and  in  Canada, in  bond  at  the  following  points: 
Montreal,  St.  John,  St.  Thomas,  Levis,  Port  Huron,  Ft.  Gratiot,  Kingston 
and  Ottawa. 


Weights  of  Tires. 

We  give  below  the  approximate  weights  of  tires  in  the  rough, 
allowing  for  boring  to  fit  wheel  centres  ranging  from  25  in.  diameter 
to  62  in.  diameter,  the  widths  and  thicknesses  being  those  most 
commonly  used.  We  desire  to  impress  upon  our  customers  the 
importance  of  giving  the  finished  diameter  of  wheel  centre  when 
ordering  instead  of  the  rough  or  finished  inside  diameter  of  tires  ;  we 
can  then  either  send  the  tires  in  the  rough  with  enough  metal  on  the 
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inside  to  allow  for  boring  and  shrinkage,  or  bore  them  with  the  right 
shrinkage  allowance,  as  the  case  may  be. 


TABLE 

OF  WEIGHTS, 

3  in.  THICK. 

TABLE 

OF  WEIGHTS 

3i  in.  THICK. 

Flange  Tirej. 

Plain  Tires. 

FlauEe  Tiles. 

Plain 

Tires. 

Sbeof 

_^ 



1  Size  of 
Wheel 

■WhMl 



Centre. 

Si  in- 

fe. 

6  in. 

6H-1. 

Ceode. 

St  in. 

5i  in. 

6  in. 

XiZ: 

Wide. 

Wide, 

Wide. 

Wide. 

Wide. 
~lbi~ 

Wide. 

in. 

lbs. 

lbs. 

lbs. 

ib5. 

lbs. 

lbs. 

"ibT 

25 

461 

48. 

469 

:  508 

25 

542 

570 

550 

597 

36 

477 

498 

485 

526 

26 

561 

590 

618 

27 

494 

515 

S02 

544 

27 

SSo 

6io 

639 

28 

510 

532 

S'8 

562 

28 

599 

630 

660 

29 

527 

549 

535 

S80 

29 

618 

650 

627 

681 

30 

543 

566 

552 

599 

30 

637 

670 

646 

702 

3' 

559 

584 

569 

617 

3' 

656 

690 

666 

723 

22 

575 

601 

58s 

635 

32 

675 

710 

68s 

747 

33 

592 

618 

602 

642 

33 

694 

730 

7<M 

765 

34 

608 

635 

6r8 

671 

34 

713 

7  SO 

723 

786 

35 

624 

652 

635 

689 

35 

732 

770 

743 

807 

36 

641 

669 

6s  1 

707 

36 

75' 

790 

762 

828 

37 

6S7 

686 

668 

725 

37 

770 

810 

781 

848 

38 

673 

703 

584 

743 

38 

789 

830 

801 

869 

39 

690 

720 

701 

761 

39 

80S 

850 

820 

890 

40 

706 

737 

717 

779 

40 

827 

870 

839 

9" 

4' 

722 

754 

734 

797 

4' 

846 

890 

f5§ 

932 

♦2 

739 

771 

75' 

815 

42 

86s 

910 

878 

953 

43 

755 

789 

763 

833 

43 

884 

930 

897 

974 

44 

771 

806 

785 

85' 

44 

903 

950 

917 

995 

45 

7B8 

823 

802 

869 

45 

932 

970 

936 

1016 

46 

804 

840 

819 

887 

46 

940 

990 

955 

1037 

47 

821 

857 

83s 

905 

47 

959 

lOlO 

975 

ios8 

48 

837 

874 

851 

923 

48 

978 

1030 

994 

1079 

49 

854 

891 

868 

94' 

49 

997 

1050 

roi3 

50 

870 

908 

885 

960 

5° 

ior6 

1070 

'033 

5' 

886 

9^5 

901 

978 

5' 

'035 

1090 

1052 

1142 

52 

903 

942 

918 

996 

52 

1054 

1071 

M63 

53 

919 

960 

935 

53 

1073 

1130 

1091 

.184 

54 

935 

977 

951 

1032 

54 

1092 

1150 

1205 

5> 

952 

994 

968 

io;o 

55 

1170 

1129 

1226 

5'' 

iM'8 

^985 

1068 

5f> 

1130 

1190 

"49 

1247 

^7 

'»^ 

1038 

1086 

57 

"49 

1168 

1263 

(K 

104; 

lotS 

1104 

58 

m68 

1230 

"87 

.289 

1018 

1062 

1033 

59 

J 187 

1250 

1207 

1310 

1079 

10;  1 

1140 

60 

1270 

1226 

'33' 

loko 

10./- 

io(,S 

MjK 

61 

[225 

1290 

'245 

'35= 

'■-' 

1113 

T015 

ir76 

62 

1244 

i3'o 

126i 

1372 
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APPENDIX  No.  XVII. 


MIDVALE   STEEL  COMPANY. 


Information  to  Users  of  Tires. 


Wc  manufacture  regularly  four  grade.s  of  each  of  our  brands  of 
tire  metal,  and  while  all  grades  of  the  same  brand  are  of  the  same 
quality,  they  var>'  in  hardness,  as  is  shown  by  the  results  of  chemical 
and  physical  tests  made  in  the  metal  of  every  heat  cast  before  it 
is  used.     The  four  grades  are  distinguished  as  follows : — 


Grade. 

T 

ensile  Strength  per 
Square  inch. 

Extension  in 
4  inches. 

Proposed  Uses. 

j        For    High-speed   Passenger 

No. 

w 

.. 

100,000  to 

18 

to 

\  Engines,   usually    4  tires  to    a 

I. 

110,000  lbs. 

M 

% 

1  set,  and  about    54    inches    and 

(  above  inside  diameter. 

f       For   Mogul  and   Consolida- 

... 

w      m 

1  tion      and      small      Passenger 

No. 

2. 

1 10,000  to 
1 20,000  lbs. 

14 

to 

-{  Engines,  Tires  iibout  40  inches 

I  1 

7^ 

;  and    below    54    inches     inside 

1 

'^diameter. 

r       For  switching  Engines,  and 

^ 

1  for    Mogul    and    Consolidatii  n 

No. 

3. 

120,000  to 
130,000  lbs. 

II 

8 

to 

% 

1                                0 

•^  and    4-wheel     Engines     whoic 
!  tires    are    less    than  40   inches 
'^inside  diameter. 

No. 

m 

...( 

130,000  to 

8 

to 

C       For  Switching  Engines,  where 
\  extra  Hard  Tires  are  needed. 

4- 

140,000  lbs. 

5 

V 

/   ■ 

The  above  column  of  "Proposed  Uses"  indicates,  in  general, 
what  we  consider  the  best  application  of  our  several  grades  of  tire 
metal  to  the  various  classes  of  service  and  sizes  of  tires.  It  will  be 
seen  that  we  assume  that,  other  things  being  equal,  the  hardness  of 
the  metal  can,  with  safety,  be  increased  as  the  diameters  of  the  tires 
diminish. 

We  would  request  our  customers,  when  ordering  tires,  to  state  on 
what  class  of  engine  and  in  what  kind  of  service  the  tires  are  to 
be  used.  By  referring  to  the  above  table,  also,  our  customers  may 
themselves  indicate,  if  they  see  fit  to  do  so,  the  grade  of  metal  of 
which  they  may  prefer  to  have  any  given  tires  made.  This  will 
give  them  opportunity  to  determine,  by  experiment,  the  hardness  of 
tires  best  adapted  to  given  purposes. 

As  regards  the  breaking  of  tires  : — we  may  add,  that  it  is  frequently 
caused  by  allowing  an  excessive   amount  of  shrinkage   and    that   too 
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much  care  cannot  be  exercised  in  boring  tires  and  in  turning  centres 
to  exactly  the  dimensions  desired.  We  recommend  as  a  safe  allowance 
for  shrinkage,  one-eightieth  of  an  inch  to  the  foot  of  inside  diameter 
of  tire;  and  think  this  is  sufficient,  if  the  boring  and  turning  are 
accurately  done.     Please  refer  to  the  table  on  the  inside  page. 

Any  statistics  which  Railway  Managers  may  be  able  to  give  us, 
containing  records  of  the  wear  of  our  tires,  with  their  Midvale 
numbers,  and  any  particulars  in  regard  to  the  nature  of  service,  etc., 
will  be  of  great  value  in  enabling  us  to  meet  and  fill  the  require- 
ments of  consumers  of  tires. 

The  Midvale  Steel  Company. 


Table  of  Shrinkages. 


Size  of 
Centre. 

Shrinknf^e. 

Bored 
Size  of  Tire. 

Size  of 
Centre. 

Shrinkage. 

Bored 
Size  of  Tire. 

in. 

in. 

in. 

in. 

in. 

in. 

20 

•021 

19979 

53 

•055 

52945 

21 

•022 

20978 

54 

•056 

53*944 

22 

•023 

21977 

55 

•057 

54  943 

23 

•024 

22*976 

56 

•058 

55942 

24 

•025 

23975 

57 

•OSQ 

56941 

25 

•026 

24974 

5^ 

060 

57940 

26 

027 

25973        ! 

59 

061 

58939 

27 

•028 

26972 

60 

063 

59*937 

28 

029 

2797 1 

!        61 

•064 

60936 

29 

•030 

28970        , 

'        62 

•065 

61935 

30 

•031 

29969 

63 

•066 

62934 

3» 

•032 

30968 

64 

•067 

63933 

32 

•033 

3 ''9^7 

65 

•068 

64  932 

33 

•034 

33966 

66 

069 

65-931 

34 

•035 

33"965 

67 

•070 

66930 

35 

•036 

34964 

68 

•071 

67929 

36 

•038 

35*962 

69 

•072 

68928 

37 

•039 

36-961 

70 

•073 

69927 

3« 

040 

37960 

71 

•074 

70926 

39 

•041 

38959 

72 

•075 

71*925 

40 

•042 

39958 

73 

076 

72924 

41 

•043 

40957 

74 

•077 

73923 

42 

•044 

41-956 

75 

•078 

74922 

43 

•045 

42-955 

76 

•079 

75*92  c 

44 

046 

43*9:4 

77 

080 

76920 

45 

•047 

44953 

78 

•081 

77'9I9 

46 

•048 

45*952 

79 

•082 

78918 

47 

•049 

46-95 1 

80 

•083 

79*9 « 7 

48 

050 

47950 

81 

•084 

80916 

49 

•051 

48949 

Y2 

•085 

81-915 

50 

•052 

49948 

83 

•o«6 

82*914 

51 

•053 

50947 

84 

088 

«3*9'2 

52 

•054 

5 1  946 

1 
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APPENDIX   No.  XVIII. 


MIDVALE   WORK   FORM. 


Piece  Work  Rate  No 

From  Estimating  Dcp't 1 

'^o Dep't, 

Mr, 

Give  the  folloiving  price 


High  rate. 
If  dofie  in 
Low   rate. 


rr 
if. 


Work  to  be  done. 


Amount  of  work 

Order  No Drazuing  No. 


Signed. 
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APPENDIX  No.  XIX. 

FOUNDRY  LABOUR  FORM  AT  WORKS  OF  W.  SELLERS 

&  COMPANY. 


Iron  Foundry, 

Shop Department. 


Occupation 


190...  Register  No Name. 


Rate. 


Charge. 


No.  or 
Order 


■2     !b'^*o 


»-  vS      C    C    *•    k        S 


a.:i 


X 

xl 

B 
3 

rt 

c 

rt 

"5 

V 

c 
•a 

Thursdn 

rt 

3 
U4 

Saturda 

Total  Time. 


Unfinished 
1  ime. 


D.  W. 
Time. 


P.  W.     Contract '  Amount 
Time.       Price.    I      Due. 


APPENDIX  No.  XX. 


Prospectus    of    the    United    States    Steel    Corporation. 

Ofkick  of  J.  p.  Morgan  &  Co., 

23,  JFa//  Street,  New  York,  March  2,  1901. 

To  the  stockholders  of  Federal  Steel  Company,  National  Steel  Company, 
National  Tube  Company,  American  Steel  and  Wire  Company  of 
New  Jersey,  American  Tin  IMate  Company,  American  Steel  Hoop 
Company,  American  Sheet  Steel  Company. 

The  I'nited  States  Steel  Corporation  has  been  organised  under 
the  laws  of  the  State  of  New  Jersey,  with  power,  among  other  things,  to 
acijuire  the  outstanding  preferred  stocks  and  common  stocks  of  the 
companies  above  named  and  the  outstanding  bonds  and  stock  of  the 
Carnrj^it'  ('ompanv. 

A  ^\  ndicato,  comprising  leading  financial  interests  throughout  the 
United  Slates  and  lunope,  of  which  the  undersigned  are  managers, 
has  been  formed  b\'  subscribers  to  the  amount  of  200,000,000  dels. 
(including  among  such  subscribers  the  undersigned  and  many  large 
stocklh»ider^  of  the  several  companies),  to  carry  out  the  arrangement 
hereinafter  statetl,  and  to  provide  the  sum  in  cash  and  the  financial 
support  rciiuirt'd  for  that  purpose.  Such  syndicate,  through  the  under- 
signed, has  made  a  contract  with  the  United  States  Steel  Corporation 
under  which  the  latter  is  to  issue  and  deliver  its  preferred  stock,  and 
its  connnon   stock,  and   its     5    per  cent,  gold    bonds  in  consideration 
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for  stocks  of  the  above-named  companies  and  bonds  and  stock  of  the 
Carnegie  Company  and  the  sum  of  25,000,000  dols.  in  cash. 

The  syndicate  has  already  arranged  for  the  acquisition  of  sub- 
stantially all  the  bonds  and  stock  of  the  Carnegie  Company,  including 
Mr.  Carnegie's  holdings.  The  bonds  of  the  United  States  Steel 
Corporation  are  to  be  used  only  to  acquire  bonds  and  60  per  cent,  of  the 
stock  of  the  Carnegie  Company. 

The  undersigned,  in  behalf  of  the  syndicate,  and  on  the  terms 
and  conditions  hereinafter  stated,  offer,  in  exchange  for  the  preferred 
stocks  and  common  stocks  of  the  companies  above  named,  respectively, 
certificates  for  preferred  stock  and  common  stock  of  the  United  States 
Steel  Corporation  upon  the  basis  stated  in  the  following  table,  viz. : — 

For  each  100  dols.  par  value  of  stock  of  the  class  mentioned  below, 
the  amount  set  opposite  thereto  in  preferred  stock  or  common  stock 
of  United  States  Steel  Corporation  at  par  : 


Name  of  company  and  class  of  stock. 


Federal  Steel  Company  : 

Preferred  stock  .» 

Common  stock 
American  Steel  and  Wire  Company  of  New  Jersey 

Preferred  stock  

Common  stock  

National  Tube  Company  : 

Preferred  stock  

Common  stock 
National  Steel  Company  : 

Preferred  stock  

Common  stock 
American  Tin  Plate  Company  : 

Preferred  stock  

Common  stock 
American  Steel  Hoop  Company  : 

Preferred  stock  

Common  stock  

American  Sheet  Steel  Company  : 

Preferred  stock  

Common  stock 


Amount  of  new 

stock  to  be  delivered 

in  par  value. 


lOO'OO 


lOO'OO 


Preferred 

Common 

stock. 

1  stock. 

$1  io*oo 

400 

8 107-50  . 

117-50 

'       ■ 

102-50 

125*00 

880 

12500 

125-00 

_^ 

12500 

125-00 

2COO 

125-00 

100-00 


100*00 


With  reference  to  the  last  four  companies,  the  aggregate  amount 
of  stocks  so  to  be  offered  was  arranged  with  the  principal  stockholders 
of  those  companies,  who  have  requested  the  distribution  of  such 
amount  among  the  iour  companies,  to  be  made  in  the  percentages 
above  stated. 

Proper  adjustment  will  be  made  in  respect  of  dividends  upon  all 
the  deposited  preferred  stocks,  so  that  the  registered  holders  of  receipts 
for  such  preferred  stocks    will    receive    the    equivalent    of  dividends 
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thereon,  at  the  rates  therein  provided,  from  the  last  dividend  period 
up  to  April  I.  1901,  from  which  date  dividends  on  the  preferred  stock 
of  the  United  States  Steel  Corporation  are  to  begin  to  accrue. 
Deposited  common  stock  must  carry  all  dividends  or  rights  to  dividends 
declared  or  payable  on  or  after  March  i,  1 901,  and  no  adjustment  or 
allowance  will  be  made  in  respect  thereof 

For  the  purpose  of  avoiding  the  necessity  of  interruption  in  the 
declaration  and  payment  of  dividends,  when  earned  upon  the  common 
stock,  concurrently  wiih  the  payment  of  dividends  upon  the  preferred 
stock,  there  has  been  inserted  in  the  charter  of  the  United  States  Steel 
Corporation  a  provision  to  the  effect  that  whenever  all  quarterly  dividends 
accrued  upon  the  preferred  stock  for  previous  quarters  shall  have  been 
paid,  the  board  of  directors  may  declare  dividends  on  the  common 
stock  out  of  any  remaining  surplus  or  net  profits. 

Statements  furnished  to  us  by  officers  of  the  several  companies 
above  named  and  of  the  Carnegie  Company  show  that  the  aggregate 
of  the  net  earnings  of  all  the  companies  for  the  calendar  year  1900  w^as 
amply  sufficient  to  pa\-  dividends  on  both  classes  of  the  new  stocks, 
besides  making  provisions  for  sinking  funds  and  maintenance  of  pro- 
perties. It  is  expected  that  by  the  consummation  of  the  proposed 
arrangement  the  necessity  of  large  deductions  heretofore  made  on 
account  of  expenditure  for  improvements  will  be  avoided,  the  amount 
of  earnings  applicable  to  dividends  will  be  substantially  increased,  and 
irreater  stabilitv  of  investment  will  be  assured,  without  necessarilv 
increasing  the  prices  of  manufactured  products. 

The  certificates  for  stocks  of  the  companies  above  named  must 
be  deiK)sitcd,  as  stated  below,  in  exchange  for  transferable  receipts 
issueil  by  the  respective  depositaries,  for  which  application  will  be 
made  for  listing  on  the  New  York  Stock  Exchange.  The  deposited 
vcrtincates  must  be  accompanied  by  suitable  assignments  and  powers 
V  f  a::ornc\-  in  blank,  duly  executed,  and  having  attached  thereto  the 
"..HVivr  war  revenue  stamps,  and  also,  if  required,  suitable  assignments 
.1  ttansfcrs  o(  all  dividends  or  rights  to  dividends  upon  deposited 
^•^mv.v^n  stocks  declared  or  })a\able  on  or  after  March  i,  1901.  Every 
Jc•^^^  :  shall  be  upon  the  following  further  terms  and  conditions  : 

L  :x*  undersigned,  acting  in  behalf  of  the  syndicate,  shall  have 
u.  .•  '::v'  *.»\er  the  deposited  certificates,  including  power  to  deliver 
•K  ^v '*c  u'/.der  said  contract  to  the  United  States  Steel  Corporation, 
J  .  .^v  c-.i::o:i  of  the  issue  of  preferred  stock  and  common  stock  of 
x\"  .;:'v>n. 

c  .v-tincates  for  shares  of  the  United  States  Steel  Corporation 

»<   ;-  depositors,  shall   be   delivered   at  an  office  or  at  offices, 

•  v         >     '•    New   \  ork    to   be    designated    by  the  undersigned   by 

w    ^  -<''iv^  .    •■■    at   least   two   newspapers   in   the   City  of  New  York. 

..;•>.  <ie-  iv.ay  be  issued  in  the  names  of  the   respective  holders 

.-?::!ed  thereto,  or  maybe  issued  in  such  other  names 

mvU-  select,  in  which    event  they  shall   be  indorsed 

\.i    V  at    the    time  of   deliver}-.      The   undersigned,  at 

.  V   vor  temporary  certificates  for  such  shares  pending 

.  «      c   \or\-  of  engraved  certificates. 

•^v      '.  ^r    t».)    the   deposit   hereunder  of  two-thirds  in 
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amount  of  all  outstanding  shares  of  the  capital  stock  of  any  one  or 
more  of  the  above-named  companies  (which  two-thirds  in  each  instance 
shall  include  two-thirds  of  the  outstanding  preferred  stock  of  such 
company),  the  undersigned,  in  their  discretion,  may  withdraw  the  offer 
herein  made  to  depositors  of  shares  of  any  such  company  of  whose 
capital  stock  two-thirds  shall  not  have  been  deposited,  and  in  such 
case  no  act  or  notice  of  withdrawal  shall  be  required  other  than  adver- 
tisement thereof  at  least  once  in  each  of  two  daily  newspapers  in  the 
City  of  New  York.  Upon  any  such  withdrawal,  the  deposited  shares 
of  such  company  shall  be  returned,  without  charge  upon  surrender 
of  the  respective  receipts  issued  therefor.  The  undersigned,  in  their 
discretion,  may  consummate  the  proposed  transaction  as  to  the  stocks 
of  any  companies  herein  named,  irrespective  of  the  deposit  of  the 
stocks  of  any  other  company  or  of  any  withdrawal  as  to  any  other 
company. 

4.  The  undersigned  are  authorised  to  proceed  with  the  proposed 
transaction  whenever,  in  their  sole  judgment,  a  sufficient  amount  of  the 
stocks  of  said  companies,  or  of  any  of  them,  shall  have  been  deposited. 
They  reserve  the  right,  at  any  time  in  their  discretion,  to  wholly  abandon 
the  transaction  and  to  withdraw  their  offer  herein  contained,  as  to  all 
the  depositors,  by  publication  of  notice  of  such  withdrawal  in  two  daily 
newspapers  in  the  City  of  New  York  ;  and  in  that  event  all  the 
deposited  shares  shall  be  returned  without  charge  upon  surrender  of 
the  respective  receipts  therefor.  In  case  of  any  such  withdrawal  of  the 
offer  hereunder  as  to  all  or  to  any  depositors,  such  depositors  shall 
have  no  claim  against  the  undersigned,  and  shall  only  be  entitled  to 
receive  their  deposited  securities  upon  surrender  of  the  respective  receipts 
therefor. 

5.  The  authorised  issue  of  capital  stock  of  the  United  States  Steel 
Corporation  presently  provided  for  in  said  contract  is  850,000,000  dols., 
of  which  one-half  is  to  be  seven  per  cent,  cumulative  preferred  stock 
and  one-half  is  to  be  common  stock.  The  company  will  also  issue 
its  five  per  cent,  gold  bonds  to  an  aggregate  amount  not  exceeding 
304,000,000  dols.  In  case  less  than  all  of  the  bonds  and  stock  of 
the  Carnegie  Company  or  less  than  all  of  the  stocks  of  the  other 
companies  above  referred  to  shall  be  acquired  the  amounts  of  bonds 
and  stocks  to  be  issued  will  be  reduced  as  provided  in  said  contract. 

The  forms  of  the  new  bonds  and  of  the  indenture  securing  the  same, 
and  of  the  certificates  for  the  new  preferred  and  common  shares,  and  the 
entire  plan  of  organisation  and  management  of  the  United  States  Steel 
Corporation,  shall  be  determined  by  J.  \\  Morgan  &  Co.  Every 
depositor  shall  accept  in  full  paxment  and  exchange  for  his  deposited 
stock  the  shares  of  the  capital  stock  of  the  United  States  Steel  Corpora- 
tion, to  be  delivered  at  the  rates  above  specified,  in  respect  of  the  stock 
by  him  so  deposited  ;  and  no  depositor  or  holder  of  any  receipt  issued 
hereunder  shall  have  any  interest  in  the  disposition  of  any  other  of  the 
shares  of  stock,  or  of  the  bonds  of  the  United  States  Steel  Corporation, 
by  it  to  be  issued  and  delivered  to  or  for  account  of  the  syndicate  or  of 
any  proceeds  thereof.  All  shares  of  the  United  States  Steel  Corporation 
deliverable  to  or  for  account  of  the  syndicate,  which  shall  not  be  required 
for  the  acquisition  of  the  stock  of  the  Carnegie  Company  or  for  delivery 


384  AMERICAN   INDUSTRIAL  CONDITIONS. 

to  depositors  under  the  terms  of  this  circular,  are  to  be  retained  by  and 
to  belong  to  the  syndicate. 

6.  The  respective  depositaries  may  make  all  such  rules  as  shall  be 
approved  by  the  undersigned  governing  the  transfer  and  registration 
of  receipts  for  deposited  shares  and  for  the  closing  of  the  transfer  books 
for  such  receipts  for  any  purpose.  The  undersigned  shall  not  be 
responsible  for  any  default  of  any  depositary. 

7.  Each  deposit  hereunder  shall  be  irrevocable,  and  shall  operate  as  a 
separate  and  independent  agreement,  and  as  a  transfer  of  the  interest  of 
the  depositors  to  the  undersigned  on  the  terms  hereof. 

8.  Deposits  must  be  made  vvith  the  following  depositaries,  re- 
spectively : 

Federal  Steel  preferred  and  common  stock  with  Colonial  Trust 
Company,  New  York,  or  vvith  Old  Colony  Trust  Company,  Boston. 

National  Tube  preferred  and  common  stock  with  Morton  Trust 
Company,  New  York,  or  with  Kidder,  Peabody  &  Co.,  Boston.  - 

American  Steel  and  Wire  preferred  and  common  stock  with 
Standard  Trust  Company,  New  York,  or  with  Guaranty  Trust 
Company,  New  York. 

National  Steel  preferred  and  common  stock  with  Central  Trust 
Company,  New  York. 

American  Tin  Plate  preferred  and  common  stock  with  Mercantile 
Trust  Company,  New  York. 

American  Sheet  Steel  preferred  and  common  stock  with  Farmers* 
Loan  and  Trust  Company,  New  York. 

•      American  Steel  Hoop  preferred  and  common  stock  with  New  Yorlf 
■Security  and  Trust  Company,  New  York. 

The  undersigned  reserve  the  right  in  their  discretion  to  terminate 
the  privilege  of  deposit  hereunder  at  an  earlier  date  upon  two  days' 
notice,  to  be  given  by  publication  at  least  once  in  two  daily  newspapers 
in  New  York  City. 

It  is  proper  to  state  that  J.  P.  Morgan  &  Co.  are  to  receive  no 
compensation  for  their  services  as  syndicate  managers  beyond  a  share 
in  any  sum  which  ultimately  may  be  realised  by  the  syndicate. 

J.  P.  Morgan  &  Co., 

Syndicate  Managers. 
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Amended  Certificate  of  Incorporation  of  United  States  Steel  Corpomtloa. 

We,  the  undersigned,  in  order  to  form  a  corporation  for  the  purposes 
hereinafter  stated,  under  and  pursuant  to  the  provisions  of  the  Act 
of  the  Legislature  of  the  State  of  New  Jersey,  entitled,  "An  Act  con- 
cerning  Corporations  (revision  of  1896),"  and  the  Acts  amendator>' 
thereof  and  supplemental  thereto,  do  hereby  certify  as  follows: 

I.  The  name  of  the  corporation  is  United  States  Steel  Corporation. 

II.  The  location  of  its  principal  office  in  the  State  of  New  Jersey  is  at 
No.  51,  Newark  Street,  in  the  City  of  Hoboken,  County  of  Hudson. 
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The  name  of  the  agent  therein  and  in  charge  thereof,  upon  whom 
process  against  the  Corporation  may  be  served,  is  Hudson  Trust 
Company.     Said  office  is  to  be  the  registered  office  of  said  Corporation. 

III.  The  objects  for  which  the  Corporation  is  formed  arc  : 

To  manufacture  iron,  steel,  manganese,  coke,  copper,  lumber,  and 
other  materials,  and  all  or  any  articles  consisting  or  partly  consisting  of 
iron,  steel,  copper,  wood,  or  other  materials,  and  all  or  any  products 
thereof. 

To  acquire,  own,  lease,  occupy,  use,  or  develop  any  lands  containing 
coal  or  iron,  manganese,  stone,  or  other  ores,  or  oil,  and  any  woodlands, 
or  other  lands,  for  any  purpose  of  the  Company. 

To  mine,  or  otherwise  to  extract  or  remove,  coal,  ores,  stone,  and  other 
minerals  and  timber  from  any  lands  owned,  acquired,  leased,  or  occupied 
by  the  Company,  or  from  any  other  lands. 

To  buy  and  sell,  or  otherwise  to  deal  or  to  traffic  in,  iron,  steel, 
manganese,  copper,  stone,  ores,  coal,  coke,  wood,  lumber,  and  other 
materials,  and  any  of  the  products  thereof,  and  any  articles  consisting  or 
partly  consisting  thereof. 

To  construct  bridges,  buildings,  machinery,  ships,  boats,  engines,  cars, 
and  other  equipment,  railroads,  docks,  slips,  elevators,  water  works,  gas 
works,  and  electric  works,  viaducts,  aqueducts,  canals  and  other  water- 
ways, and  any  other  means  of  transportation,  and  to  sell  the  same,  or 
otherwise  to  dispose  thereof,  or  to  maintain  and  operate  the  same,  except 
that  the  Company  shall  not  maintain  or  operate  any  railroad  or  canal  in 
the  State  of  New  Jersey. 

To  apply  for,  obtain,  register,  purchase,  lease,  or  otherwise  to  acquire, 
and  to  hold,  use,  own,  oi)eratc,  and  introduce,  and  to  sell,  assign,  or 
otherwise  to  dispose  of.  an\'  trade  marks,  trade  names,  patents,  inventions, 
improvements,  and  processes  used  in  cormection  with  or  secured  under 
Letters  Patent  of  the  United  States  or  elsewhere,  or  otherwise  ;  and  to 
use,  exercise,  develop,  grant  licenses  in  respect  of  or  otherwise  to  turn  to 
account  any  such  trade  marks,  patents,  licenses,  processes,  and  the  like, 
or  any  such  proj:)erty  or  rights. 

To  engage  in  any  other  manufacturing,  miin'ng,  construction,  or 
transportation  business  of  an\'  kind  or  character  whatsoever,  and  to 
that  end  to  acquire,  hold,  own,  and  dispose  of  any  and  all  property, 
assets,  stocks,  bonds,  and  rights  of  any  and  every  kind  ;  but  not  to 
engage  in  any  business  hereunder  which  shall  require  the  exercise  of  the 
right  of  eminent  domain  within  the  State  of  New  Jersey. 

To  acquire  b\'  purchase,  subscription,  or  otherwise,  and  to  hold  or 
to  dispose  of  stocks,  bonds,  or  any  other  obligations  of  any  corporation 
formed  for  or  then  or  theretofore  engaged  in  or  pursuing  any  one  or 
more  of  the  kinds  of  business,  purposes,  objects,  or  operations  above 
indicated,  or  owning  or  holding  any  property  of  any  kind  herein 
mentioned  ;  or  of  any  corporation  owning  or  holding  the  stocks  or 
the  obligations  of  any  such  corporation. 

To  hold  for  investment,  or  otherwise  to  use,  sell,  or  dispose  of  any 
.stock,  bonds,  or  other  obligations  of  any  such  other  corporation  ;  to  aid 
in  any  manner  any  corporation  whose  stock,  bonds,  or  other  obligations 
arc  held  or  are  in  any  manner  guaranteed  by  the  Com})any,  and  to 
do  any  other  acts  or  things  for  the  preservation,  protection,  improve- 

c  c 
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ment,  or  enhancement  of  the  value  of  any  such  stock,  bonds,  or  other 
obligations,  or  to  do  any  acts  or  things  designed  for  any  such  purpose  ; 
and,  while  owner  of  any  such  stock,  bonds,  or  other  obligations,  to 
exercise  all  the  rights,  powers,  and  privileges  of  ownership  thereof,  and 
to  exercise  any  and  all  voting  power  thereon. 

The  business  or  purpose  of  the  Company  is  from  time  to  time  to  do 
any  one  or  more  of  the  acts  and  things  herein  set  forth  ;  and  it  may 
conduct  its  business  in  other  States  and  in  the  Territories  and  in  foreign 
countries,  and  may  have  one  office  or  more  than  one  office,  and  keep  the 
books  of  the  Company  outside  of  the  State  of  New  Jersey,  except 
as  otherwise  may  be  provided  by  law  ;  and  may  hold,  purchase,  mort- 
gage, and  convey  real  and  personal  property  either  in  or  out  of  the 
State  of  New  Jersey. 

Without  in  any  particular  limiting  any  of  the  objects  and  powers  of 
the  Corporation,  it  is  hereby  expressly  declared  and  provided  that  the 
Corporation  shall  have  power  to  issue  bonds  and  other  obligations  in 
payment  for  property  purchased  or  acquired  by  it,  or  for  any  other 
object  in  or  about  its  business  ;  to  mortgage  or  pledge  any  stocks,  bonds, 
or  other  obligations,  or  any  property  which  may  be  acquired  by  it, 
to  secure  any  bonds  or  other  obligations  by  it  issued  or  incurred  ;  to 
guarantee  any  dividends  or  bonds  or  contracts  or  other  obligations  ; 
to  make  and  perform  contracts  of  any  kind  and  description  ;  and  in 
carrying  on  its  business  or  for  the  purpose  of  attaining  or  furthering  an}' 
of  its  objects  to  do  any  and  all  other  acts  and  things,  and  to  exercise 
any  and  all  other  powers  which  a  co-partnership  or  natural  person  could 
do  and  exercise,  and  which  now  or  hereafter  may  be  authorised 
by  law. 

IV.  The  total  authorised  capital  stock  of  the  Corporation  is 
1,100,000,000  dols.,  divided  into  11,000,000  shares  of  the  par  value 
of  100  dols.  each.  Of  such  total  authorised  capital  stock,  5,500,000 
shares,  amounting  to  550,000,000  dols.,  shall  be  preferred  stock,  and 
5,500,000  shares,  amounting  to  550,000,000  dols.,  shall  be  common  stock. 

From  time  to  time  the  preferred  stock  and  the  common  stock  may 
be  increased  according  to  law,  and  may  be  issued  in  such  amounts  and 
proportions  as  shall  be  determined  by  the  board  of  directors  and  as 
may  be  permitted  by  law. 

The  holders  of  the  preferred  stock  shall  be  entitled  to  receive  when 
and  as  declared,  from  the  surplus  or  net  profits  of  the  Corf)oration, 
yearly  dividends  at  the  rate  of  7  per  cent,  per  annum,  and  no  more, 
payable  quarterly  on  dates  to  be  fixed  by  the  by-laws.  The  dividends  on 
the  preferred  stock  shall  be  cumulative,  and  shall  be  payable  before  any 
dividend  on  the  common  stock  shall  be  paid  or  set  apart  :  so  that  if  in 
any  year  dividends  amounting  to  7  per  cent,  shall  not  have  been  paid 
thereon,  the  deficiency  shall  be  payable  before  any  dividends  shall  be 
paid  upon  or  set  apart  for  the  common  stock. 

Whenever  all  cumulative  dividends  on  the  preferred  stock  for 
all  previous  }ears  shall  have  been  declared  and  shall  have  become 
payable,  and  the  accrued  quarterly  instalments  for  the  current  year 
shall  have  been  declared,  and  the  company  shall  have  paid  such 
cumulative  dividends  for  previous  years  and  such  accrued  quarterly 
instalments,  or  shall   have   set   aside   from    its  surplus   or  net  profits 
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a  sum  sufficient  for  the  payment  thereof,  the  board  of  directors 
may  declare  dividends  on  the  common  stock,  payable  then  or 
thereafter,  out  of  any   remaining  surplus   or   net    profits. 

In  the  event  of  any  liquidation  or  dissolution  or  windin^i^  up 
(whether  voluntary  or  involuntary)  of  the  corporation,  the  holders 
of  the  preferred  stock  shall  be  entitled  to  be  paid  in  full  both 
the  par  amount  of  their  shares  and  the  unpaid  dividends  accrued 
thereon  before  any  amount  shall  be  paid  to  the  holders  of  the 
common  stock  ;  and  after  the  payment  to  the  holders  of  the  pre- 
ferred stock  of  its  par  value,  and  the  unpaid  accrued  divendcnds 
thereon,  the  remaining  assets  and  funds  shall  be  divided  and  paid 
to  the  holders  of  the  common  stock  according  to  their  respective 
shares. 

V.  The  names  and  post-office  addresses  of  the  incorporators, 
and  the  number  of  shares  of  stock  for  which  severally  and  re- 
spectively we  do  hereby  subscribe  (the  aggregate  of  our  said 
subscriptions,  being  3,000  dols.,  is  the  amount  of  capital  stock  with 
which  the   corporation    will    commence   business),  are  as  follows  : — 


Name. 


Post-ofiice  address. 


Charles  C.  Cluflf ,  51  Newark 

William  J.Curtis do.... 

Charles  MacVeajih do.... 


street,  Hoboken,   N.J. 


Number  of  Shares. 

Preferreti     Common 
stock.     I      stock. 


5     '  5 

5  5 

5    I  5 


VI.  The  duration  of  the   corporation    shall    be   perpetual. 

VII.  The  number  of  directors  of  the  company  shall  be  fixed 
from  time  to  time  to  the  by-laws  ;  but  the  number,  if  fixed  at 
more  than  three,  shall  be  some  multiple  of  three.  The  directors 
shall  be  classified  with  respect  to  the  time  for  which  they  shall 
.severally  hold  office  by  dividing  them  into  three  classes,  each  consisting 
of  one-third  of  the  whole  number  of  the  board  of  directors.  The 
directors  of  the  first  class  shall  be  elected  for  a  term  of  one  year; 
the  directors  of  the  second  class  for  a  term  of  two  years  ;  and 
the  directors  of  the  third  class  for  a  term  of  three  vcars;  and 
at  each  annual  election  the  successors  to  the  class  of  directors 
whose  terms  shall  expire  in  that  year  shall  be  elected  to  hold 
office  for  the  term  of  three  years,  so  that  the  term  of  office  of 
one   class  of  directors   shall    expire    in    each   year. 

The  number  of  the  directors  may  be  increased  as  may  be  pro- 
vided in  the  by-laws.  In  case  of  any  increase  of  the  number  of 
the  directors,  the  additional  directors  shall  be  elected,  as  may  be 
provided  in  the  by-laws,  by  the  directors  or  by  the  stockholders 
at  an  annual  or  special  meeting  ;  and  (jne-third  of  their  number 
shall  be  elected  for  the  then  unexpired  portion  of  the  term  of 
the  directors  of  the  first  class,  one-third  of  their  number  for  the 
unexpired   portion   of  the  term  of  the  directors  of  the  second  class, 

c  c  2 
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and  one-third  of  their  number  for  the  unexpired  portion  of  the 
term  of  the  directors  of  the  third  class,  so  that  each  class  of 
directors    shall    be    increased    equally. 

In  case  of  any  vacancy  in  any  class  of  directors  through  death, 
resignation,  disqualification,  or  other  cause,  the  remaining  directors, 
by  affirmative  vote  of  a  majority  of  the  board  of  directors,  may 
elect  a  successor  to  hold  office  for  the  unexpired  portion  of  the 
term  of  the  director  whose  place  shall  be  vacant,  and  until  the 
election    of  a   successor. 

The  board  of  directors  shall  have  power  to  hold  their  meetings 
outside  of  the  State  of  New  Jersey  at  such  places  as  from  time 
to  time  mav  be  designated  bv  the  bv-laws  or  bv  resolution  of  the 
board.  The  by-laws  may  prescribe  the  number  of  directors  necessary 
to  constitute  a  quorum  of  the  board  of  directors,  which  number 
may   be    less    than  a  majority  of  the  whole   number  of  the  directors. 

Unless  authorised  by  votes  given  in  person  or  by  proxy  by 
stockholders  holding  at  least  two-thirds  of  the  capital  stock  of  the 
corporation,  which  is  represented  and  voted  upon  in  person  or  by 
proxy  at  a  meeting  specially  called  for  that  purpose  or  at  an 
annual  meeting,  the  board  of  directors  shall  not  mortgage  or  pledge 
an}'  of  its  real  j)roj)ert\'  or  an}'  shares  of  the  capital  stock  of  any 
other  corporation  ;  but  this  j)rohibition  shall  not  be  construed  to 
appl}'  to  the  execution  of  any  purchase-money  mortgage  or  any 
other  purchase-mor.e}'  lien.  y\s  authorised  by  the  Act  of  the  Legisla- 
ture of  the  State  of  New  Jcrse}',  passed  March  22nd,  1901,  amend- 
ing the  17th  section  of  the  Act  concerning  corporations  (revision 
of  iiS26),  any  action  which  theretofore  required  the  consent  of  the 
holders  of  two-thirds  of  the  stock  at  any  meeting  after  notice  to 
them  given,  or  required  their  consent  in  writing  to  be  filed,  may  be 
taken  upon  the  consent  of  and  the  consent  given  and  filed  b}*  the 
holders  of  two-thirds  of  the  stock  of  each  class  represented  at  such 
meeting  in   })ers()n   or   In-   prox}-. 

Any  officer  elected  or  ap})ointed  by  the  board  of  directors  may 
be  removed  at  an\*  time  b}'  the  affirmative  vote  of  a  majority  of 
the  whole  board  of  directors.  Any  other  officer  or  employe  of  the 
compan}'  may  be  removed  at  an\'  time  by  vote  of  the  board  of 
directors,  or  b\'  an}'  committee  or  superior  officer  upon  whom  such 
]X)\\cr  of  removal  ma\-  be  conferred  b\'  the  by-laws,  or  by  \ote  of 
the    board    of  directors. 

1  he  board  of  directors,  b\'  the  affirmative  vote  of  a  majority  of 
the  whole  board,  ma\'  ap})oint  from  the  directors  an  executive  com- 
mittee, of  which  a  majoritx'  shall  constitute  a  quorum  ;  and  to  such 
extent  as  shall  be  provided  in  the  by-laws,  such  committee  shall 
have  and  ma\'  exen:ise  all  or  an\-  of  the  powers  of  the  board  of 
directors,  including  power  to  cause  the  seal  of  the  corporation  to 
be    affixed   to  all   j)apcrs    that   ma\^  require  it. 

The  board  of  directors,  b\'  the  affirmative  vote  of  a  majority  of 
the  whole  board,  max-  appoint  any  other  standing  committees,  and 
such  standing  committees  shall  have  and  may  exercise  isuch  jx)wcrs 
as  shall   be   conferred  or  authorised   bv   the  bv-laws. 

The   board   of  directc  rs    ma}*  appoint    not   only   other   officers    of 
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the  company,  but  also  one  or  more  vice-presidents,  one  or  more 
assistant  treasurers,  and  one  or  more  assistant  secretaries  ;  and  to 
the  extent  provided  in  the  by-laws,  the  persons  so  appointed 
respectively  shall  have  and  may  exercise  all  the  powers  of  the 
president,  of  the  treasurer,  and  of  the  secretary,  respectiveh*. 

The  board  of  directors  shall  have  power  from  time  to  time  to 
fix  and  to  determine  and  to  vary  the  amount  of  the  working 
capital  of  the  company,  and  to  direct  and  determine  the  use 
and  disposition  of  any  surplus  or  net  profits  over  and  above  the 
capital  stock  paid  in;  and  in  its  discretion  the  board  of  directors 
may  use  and  apply  any  such  surplus  or  accumulated  profits  in 
purchasing  or  acquiring  its  bonds  or  other  obligations,  or  shares  of 
its  own  capital  stock,  to  such  extent  and  in  such  manner  and  upon 
such  terms  as  the  board  of  directors  shall  deem  expedient ;  but 
shares  of  such  capital  stock  so  purchased  or  acquired  ma\'  be  resold, 
unless  such  shares  shall  have  been  retired  for  the  purpose  of 
decreasing  the  company's  capital  stock,  as  provided  by  law. 

The  board  of  directors  from  time  to  time  shall  determine  whether 
and  to  what  extent,  and  at  what  times  and  places  and  under  what 
conditions  and  regulations,  the  accounts  and  books  of  the  corpora- 
tion, or  any  of  them,  shall  be  open  to  the  inspection  of  the  stock- 
holders, and  no  stockholder  shall  have  any  right  to  inspect  any 
account  or  book  or  document  of  the  corporation,  except  as  conferred 
by  statute  or  authorised  by  ihe  board  of  directors,  or  by  a  resolution 
of  the   stockholders. 

Subject  always  to  by-laws  made  by  the  stockholders,  the  board 
of  directors  may  make  by-laws,  and,  from  time  to  time,  may  alter, 
amend,  or  repeal  any  by  laws;  but  any  by-laws  made  b\'  the  board 
of  directors  may  be  altered  or  repealed  by  the  stockholders  at  any 
annual  meeting,  or  at  any  special  meeting,  provided  notice  of  such 
proposed  alteration  or  repeal  be  included  in  the  notice  of  the 
meeting. 

In  witness  whereof  we  have  hereunto  set  our  hands  and  seals 
the  23rd  day  of  February,    1901. 

CiiARLKs  C.  Cliff.        [seal. 

WlLLLVM    J.   CTRTIS.  SEAL. 

Charles  Ma(  Vea(;ii.    [seal. 

Signed,  sealed,  and  delivered  in  the  presence  of — 
Francis  Lvnde  Stetson. 
Victor  Morawei/. 

State  of  New  Jersev,  County  of  Hudson,  ss  : 

Be  it  remembered  that  on  this  23rd  day  (jf  I'ebruary,  1901, 
before  the  undersigned,  personally  appeared  Charles  C.  ClulT, 
William  J.  Curtis,  and  Charles  MacVeagh,  who,  I  am  satisfied,  are 
the  persons  named  in  and  who  executetl  the  foregoing  certificate; 
and  I  having  first  made  known  to  them  and  to  each  of  them  the 
contents  thereof,  they  did  each  acknowleclge  that  they  signed,  sealed, 
and    delivered    the   same    as    their  voluutarv   act  and  deed. 

CiEo.  Holmes, 
Master  in  Chancery  of  Xcw  ftrsey. 
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APPENDIX  No.    XXII. 


BY-LAWS    OF    UNITED   STATES    STEEL 

CORPORATION. 


Article  I.— Stockholders. 


Skction  I.  AfUiiio.i  Meetifiic. — A  meeting  of  the  stockholders  of  the 
-company  shall  be  held  annually  at  the  principal  office  of  the  company 
in  the  Slate  of  New  Jer.sc)',  at  twelve  o'clock  noon  on  the  third  Monday 
in  February  in  each  year,  if  not  a  legal  holiday,  and  if  a  legal  holiday 
then  on  the  next  succeeding  Monday  not  a  legal  holiday,  for  the 
purpo.se  of  electing  directors,  and  for  the  transaction  of  such  other 
business  as  may  be  brought  before  the  meeting. 

It  shall  be  the  duty  of  the  secretary  to  cause  notice  of  each  annual 
meeting  to  be  published  once  in  each  of  the  four  calendar  weeks  next 
preceding  the  meeting  in  at  least  one  newspaper  in  each  of  the  following 
places:  Jersey  City,  N.J.:  New  York,  N.V.  ;  Chicago,  111.  ;  and  Pitts- 
burg, Pa.  Nevertheless,  a  failure  to  publish  such  notice,  or  any  irregu- 
larity in  such  notice,  or  in  the  })ublication  thereof,  shall  not  affect  the 
validit}'  of  any  annual  meeting,  or  of  any  proceedings  at  any  such 
meeting. 

:  Svx\  2.  Special Mceti?igs. — Special  meetings  of  the  stockholders  may 
be  held  at  the  principal  office  of  the  company  in  the  State  of  New 
Jersey  whenever  called  in  writing,  or  b\'  vote,  by  a  majority  of  the  board 
of  directors. 

Notice  of  each  sj)ccial  meeting,  indicating  briefly  the  object  or 
objects  thereof,  shall  b\'  the  secrctarx'  be  j)ublished  once  in  each  of  the 
four  calendar  weeks  next  preceding  the  meeting  in  at  least  one  news- 
paper in  each  of  the  following  places  :  Jersey  City,  N.J.,  New  York, 
N.Y.,  Chicag(  ,  III.,  and  Pittsburg,  Pa.  Nevertheless,  if  all  the  stock- 
holders shall  waive  notice  of  a  special  meeting,  no  notice  of  such  meet- 
ing shall  be  recpiired  ;  and  whenever  all  the  stockholders  shall  meet  in 
person  or  b\'  prox\%  such  meeting  shall  be  valid  for  all  purposes  with- 
out call  or  notice,  and  at  such  meeting  any  corporate  action  may  be 
taken. 

Skc.  X.  Oiionini. — At  an\'  mcctiii''  of  the  stockholders  the  holders  of 
one-thirtl  of  all  of  the  shares  of  the  caj)ital  stock  of  the  company,  present 
in  perscjn  or  represented  b\'  pro.\\',  shall  constitute  a  (juorum  of  the 
stockholders  for  all  purj)oscs,  unless  the  representation  of  a  larger  number 
shall  be  required  b\'  law,  and  in  that  case,  the  representation  of  the 
number  s(^  recjuired  shall  constitute  a  quorum. 

I  f  the  holders  ofthc  amount  of  stock  necessary  to  constitute  a  quorum 
shall  fail  to  attend  in  person  or  by  proxy  at  the  time  and  place  fixed  by 
these  by-laws  for  an  annual  meeting,  or  fixed  b\'  notice  as  above  pro- 
vided for  a  special  meeting  called  b\'  the  directors,  a  majority  in  interest 
of  the  stockholders  present  in  person  or  b\'  proxy,  may  adjourn  from 
time  to  time,  without  notice  other  than  b>'  announcement  at  the  meet- 
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ing  until  holders  of  the  amount  of  stock  requisite  to  constitute  a  quorum, 
shall  attend.  At  any  such  adjourned  meeting;  at  which  a  quorum  shall 
be  present  any  business  ma}-  be  transacted  which  might  have  been  trans- 
acted at  the  meeting  as  originally  notified. 

Sec.  4.  Organisation. — The  president,  and  in  his  absence  the  chair- 
man of  the  executive  committee,  shall  call  meetings  of  the  stockholders 
to  order,  and  shall  act  as  chairman  of  such  meetings.  The  board  of 
directors  m^y  appoint  any  stockholder  to  act  as  chairman  of  any  meeting 
in  the  absence  of  the  president  and  of  the  chairman  of  the  executive 
committee. 

The  secretary  of  the  company  shall  act  as  secretary  at  all  meetings 
of  the  stockholders,  but  in  the  absence  of  the  secretary  at  any  meeting 
of  the  stockholders  the  presiding  officer  may  appoint  any  person  to  act 
as  secretary  of  the  meeting. 

Skc.  5.  I'oUfig. — At  each  meeting  of  the  stockholders  every  stock- 
holder shall  be  entitled  to  vote  in  person,  or  by  proxy  appointed  by 
instrument  in  writing,  subscribed  by  such  stockholder  or  by  his  duly 
authorised  attorney,  and  delivered  to  the  inspectors  at  the  meeting  ;  and 
he  shall  have  i  vote  fur  each  share  of  stock  standing  registered  in  his 
name  at  the  time  of  the  closing  of  the  transfer  books  for  said  meeting. 
The  votes  for  directors,  and,  upon  demand  of  any  stockholder,  the  votes 
upon  any  question  before  the  meeting,  shall  be  by  ballot. 

At  each  meeting  of  the  stockholders  a  full,  true,  and  complete  list,  in 
alphabetical  order,  of  all  the  stockholders  entitled  to  vote  at  such  meet- 
ing, and  indicating  the  number  of  shares  held  by  each,  certified  by  the 
secretary  or  by  the  treasurer,  shall  be  furnished.  Onl}-  the  persons  in 
whose  names  shares  of  stock  stand  on  the  books  of  the  company  at  the 
time  of  the  closing  of  the  transfer  books  for  such  meeting,  as  evidenced 
by  the  list  of  stockholders  so  furnished,  shall  be  entitled  to  vote  in 
person  or  by  proxy  on  the  shares  so  standing  in  their  names. 

Prior  to  any  meeting,  but  subsequent  to  the  lime  of  closing  the 
transfer  books  for  such  meeting,  any  proxy  may  submit  his  powers  of 
attorney  to  the  secretary  or  to  the  treasurer  for  examination.  The  ceiti- 
ficate  of  the  secretary  or  of  the  treasurer  as  to  the  regularity  of  such 
powers  of  attorney  and  as  to  the  number  of  shares  held  b\'  the  persons 
who  severally  and  respectively  executed  such  powers  of  attorney  shall 
be  received  ?i%  prima  facie  evidence  of  the  number  of  shares  represented 
by  the  holder  of  such  powers  of  attorney  for  the  purpose  of  establishing 
the  presence  of  a  quorum  at  such  meeting,  and  of  organising  the  same, 
and  for  all  other  purposes. 

Sec.  6.    Inspectors.-  M  each  meeting  of  the  stockholders  the  polls 
shall  beojjened  and  closed,  the  proxies  and  ballots  shall  be  received  and 
be  taken  in  charge,  and  all  cjuestions  touching  the  qualification  of  voters 
and  the  validity  of  proxies  and  the  acceptance  or  rejection  of  votes 
.shall  be  decided  by  three  inspectors.   Such  inspectors  shall  be  appointed 
by  the  board  of  directors  before  or  at  the  meeting,or,  if  no  su^.h  apponit- 
ment  .shall  have  been  made,  then  by  the  presiding  officer  of  iht-  meeting. 
If  for  any  reason  an}-  of  the  inspectors  previously  appointed  shall  fail  to 
attend  or  refuse  or  be  unable  to  serve,  inspectors  in  place  of  any  so  faiU 
ing  to  attend  or  refusing  or  unable  to  attend,  shall  be  apponited  \\\  like 
manner. 
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Article  II.— Board  of  Directors. 

Sec.  I.  Number,  Classificatiofi.and  Term  of  Office. — The  business  and 
the  property  of  the  company  shall  be  managed  and  controlled  by  the 
board  of  directors. 

As  provided  in  the  certificate  of  incorporation,  the  directors  shall  be 
classified  in  respect  of  the  time  for  which  they  shall  severally  hold  office 
by  dividing  them  into  three  classes,  each  class  consisting  of  one-third  uf 
the  whole  number  of  the  board  of  directors.  The  directors  of  the  first  class 
.shall  be  elected  for  a  term  of  one  vear,  the  directors  of  the  second  clas> 
shall  be  elected  for  a  term  of  two  years,  and  the  directors  of  the  third  cla^s 
shall  be  elected  for  a  term  of  three  years.  At  each  annual  election  the 
successors  to  the  directors  of  the  class  whose  terms  shall  expire  in  that 
year  shall  be  elected  to  hold  office  for  the  term  of  three  years,  so  that 
the  term  of  office  of  one  class  of  directors  shall  expire  in  each  year. 

The  number  of  directors  shall  be  24,  but  the  number  of  directors  may 
be  altered  from  time  to  time  by  the  alteration  of  these  by-laws. 

In  case  of  anv  increase  of  the  number  of  directors,  the  additional 
directors  shall  be  elected  bv  the  directors  then  in  office  ;  one-third  of 
such  additional  directors  for  the  unexpired  portion  of  the  term  of  i  year; 
one-third  for  the  unexpired  portion  of  the  term  of  2  years,  and  one-third 
for  the  unexpired  portion  of  the  term  of  3  xcars,  so  that  each  class  of 
directors  shall  be  increased  eciualh'. 

Every  director  shall  be  a  holder  of  at  least  i  share  of  the  capital 
stock  of  the  company.  Each  director  shall  serve  for  the  term  for  which 
he  shall  have  been  elected,  and  until  his  successor  shall  have  been  duly 
chosen. 

At  all  elections  of  the  directors  the  j)olls  shall  remain  open  for  at 
least  I  hour,  unless  every  registered  owner  of  shares  has  sooner  voted  in 
person  or  by  proxy, or  in  writing  has  waived  the  statutory  provision. 

Skc.  2.  Wicayicies-  In  case  of  an\'  vacancx' in  the  directors  of  anv 
class  through  death,  resignation,  discpiaiification,  or  other  cause,  the 
remaining  directors,  by  affirmative  vote  of  a  majority  thereof,  may  elect 
a  successor  to  hold  office  for  tlic  unexpired  portion  of  the  term  of  the 
director  whose  place  shall  be  vacant,  and  initil  the  election  of  his  suc- 
cessor. 

Such  xacancics  shall  be  filled  upon  and  after  nominations  therefor 
shall  have  been  made  bv  the  finance  committee. 

Skc.  3.  Pliu'c  of  Mcctiuf:^,  etc. — The  directors  ma}' hold  their  meetings 
and  ma\'  have  an  office  and  kecj)  the  books  of  the  company  (^except  as 
otherwise  ma\' be  j)ro\i(]ed  for  by  law  in  such  place  or  places  in  the 
State  of  New  Jersc)-  or  outside  of  the  State  of  New  Jersey  as  the  board 
from  time  to  time  ma\'  determine. 

Skc.  4.  Rt'j^ii/nr  Meetuiii^s. —  Regular  meetings  of  the  board  of 
directors  shall  be  held  monthh*,  on  the  first  Tuesdav  of  each  month, 
if  not  a  legal  holida\',  and  if  a  legal  holida\',  then  on  the  next  succeed- 
ing Tuesdax'  not  a  legal  holidaw  No  notice  shall  be  required  for  any 
such  regular  monthlx*  meeting  of  the  board. 

Skc.  5.  Sf^ea'a/  Afecthij^s. — Special  meetings  of  the  board  of  directors 
shall  be  held  whenexer  called  bv  the  president  or  b\'  one-third  of  the 
directors  fi)r  the  time  being  in  office. 

The  secretary  shall  give  notice  of  each  special  meeting  by  mailing  the 
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same  at  least  two  days  before  the  meetini^  or  by  telcj^raphing  the  same 
at  least  one  day  before  the  meeting  to  each  director,  but  such  notice  may 
be  waived  by  any  director.  At  any  meeting  at  which  every  director 
shall  be  present,  even  though  without  any  notice,  any  business  may  be 
transacted. 

Skc.  6.  Quorum, — A  majority  of  the  board  of  directors  shall  constitute 
a  quorum  for  the  transaction  of  business,  but  if  at  any  meeting  of  the 
board  there  be  less  than  a  quorum  present,  a  majority  of  those  present 
may  adjourn  the  meeting  from  time  to  time. 

The  affirmative  vote  of  at  least  two-fifths  of  all  the  directors  for  the 
time  being  in  office  shall  be  necessary  for  the  passage  of  any  resolution. 

Skc.  8.  Order  of  Business. — At  meetings  of  the  board  of  directors 
business  shall  be  transacted  in  such  order  as,  from  time  to  time,  the 
board  may  determine  by  resolution. 

Atall  meetings  of  the  board  of  directors  the  president,  or  in  his  absence 
the  chairman  of  the  executive  committee,  or  in  the  absence  of  both  of 
these  officers  the  chairman  of  the  finance  committee,  shall  preside. 

Sec.  9.  Contracts. — Inasmuch  as  the  directors  of  this  company  are 
men  of  large  and  diversified  business  interests  and  arc  likely  to  be  con- 
nected with  other  corporations  with  which  from  time  to  time  this  com- 
pany must  have  business  dealings,  no  contract  or  other  transaction 
between  this  company  and  an\' other  corporation  shall  be  affected  by  the 
fact  that  directors  of  this  company  are  interested  in  or  are  directors  or 
officers  of  such  other  corporation  if,  at  the  meeting  of  the  board,  or  of 
the  committee  of  this  company  making,  authorising,  or  confirming  such 
contract  or  transaction  there  shall  be  present  a  quorum  of  directors  not 
so  interested  ;  and  any  director  individually  may  be  a  party  to  or  may 
be  interested  in  any  contract  or  transaction  of  this  company  provided 
that  such  contract  or  transaction  shall  be  approved  or  be  ratified  by  the 
affirmative  vote  of  at  least  ten  directors  not  so  interested. 

The  board  of  directors,  in  its  discretion,  may  submit  any  contract  or 
act  for  approval  or  ratification  at  any  annual  meeting  of  the  stockholders, 
or  at  any  meeting  of  the  stockholders  called  for  the  purpose  of  consider- 
ing any  such  act  or  contract,  and  any  contract  or  act  that  shall  be 
approved  or  be  ratified  by  the  vote  of  the  holders  of  a  majority  of  the 
capital  stock  of  the  company  which  is  represented  in  person  or  by  proxy 
at  such  meeting  (provided  that  a  lawful  ciuorum  of  stockholders  be  there 
represented  in  person  or  by  proxy)  shall  be  as  valid  and  as  binding  upon 
the  corporation  and  upon  all  the  stockholders  as  though  it  had  been 
approved  or  ratified  by  every  stockholder  of  the  corporation. 

SK(\  10.  Compensation  of  Directors. — For  his  attendance  at  any  meet- 
ing of  the  board  of  directors  or  of  any  committee  of  the  board  every 
director  shall  receive  an  allowance  of  10  cents  for  every  mile  travelled  by 
him  for  attendance  at  such  meeting  and  also  the  sum  of  $20  for  attend- 
ance at  each  meeting.  The  same  mileage  allowance  shall  be  made  to 
any  officer  who  by  direction  of  the  board  or  of  the  j)rcsidcnt  shrill  attend 
any  such  meeting. 

Article  III.— Executive  Committee  and  Finance  Committee. 

Sec.  I.  The  board  u{  directors  shall  elect  from  the  directors  an 
executive  committee  and  a  finance  committee,  and  shall  designate   for 
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each  of  those  committees  a  chairman,  who  shall  continue  to  be  chairman 
of  the  committee  during  the  pleasure  of  the  board  of  directors. 

The  board  of  directors  shall  fill  vacancies  in  the  executive  committee 
or  in  the  finance  committee  by  election  from  the  directors,  and  at  all 
times  it  shall  be  the  duty  of  the  board  of  directors  to  keep  the  member- 
ship of  each  of  such  committees  full,  with  due  regard  to  the  qualifi- 
cations for  such  membership  indicated  in  this  article  of  the  by-laws. 

All  action  by  the  executive  committee  or  by  the  finance  committee 
shall  be  reported  to  the  board  of  directors  at  its  meeting  next  succeeding 
such  action,  and  shall  be  subject  to  revision  or  alteration  by  the  board  of 
directors  ;  provided  that  no  rights  or  acts  of  third  parties  shall  be 
effected  bv  anv^  such  revision  or  alteration. 

The  executive  committee  and  the  finance  committee  each  shall  fix 
its  own  rules  of  proceeding,  and  shall  meet  where  and  as  provided  by 
such  rules  or  by  resolution  of  the  board  of  directors,  but  in  every  case 
the  presence  of  a  majority  shall  be  necessary  to  constitute  a  quorum. 

In  every  case  the  affirmative  vote  of  a  majority  of  all  of  the  members 
of  the  committee  shall  be  necessary  to  its  adoption  of  any  resolution. 

The  chairman  and  each  of  the  members  of  the  executive  committee 
shall  receive  such  compensation  for  their  services  as  from  time  to  time 
shall  be  fixed  by  the  finance  committee  and  be  approved  by  the  board 
of  directors. 

Skc.  2.  The  executive  committee  shall  consist  of  six  members  besides 
the  president  and  the  chairman  of  the  finance  committee,  each  of  whom, 
by  virtue  of  his  office,  shall  be  a  member  of  the  executive  committee. 
So  far  as  practicable,  each  of  the  six  elected  members  of  the  executive 
committee  shall  be  a  person  having,  or  having  had,  personal  experience 
in  the  conduct  of  one  or  the  other  of  the  branches  of  manufacture  or 
mining,  or  of  transportation  in  which  the  company  is  interested,  and,  so 
so  far  as  practicable,  the  six  elected  members  shall  be  taken  equally 
from  the  three  classes  of  directors.  Unless  otherwise  ordered  by  the 
board  of  directors,  each  elected  member  of  the  executive  committee 
shall  continue  to  be  a  member  thereof  until  the  expiration  of  his  term 
of  office  as  a  director. 

Durintj  the  interv.ils  between  the  meetinirs  of  the  board  of  directors 
the  executive  conimittee  'shall  j)ossess  and  ma\'  exercise  all  the  powers 
of  the  board  of  directors  in  the  nuuiaircment  and  direction  of  the  maim- 
facturing,  mining,  and  transportation  operations  of  the  company,  and  of 
all  other  business  and  affairs  (except  the  matters  hereinafter  assigned  to 
the  finance  conimittee)  in  such  manner  as  the  executive  committee  shall 
deem  best  for  the  interests  of  the  companx',  in  all  cases  in  which  specific 
directions  shall  not  have  been  i^iven  b\'  the  board  of  directors. 

During  the  intervals  between  the  meetings  of  the  executive  committee 
the  chairman  thereof  shall  possess  and  may  exercise  such  of  the  powers 
vested  in  the  executive  committee  as  from  time  to  time  may  be  conferred 
upon  him  by  resolution  of  the  board  of  directors  or  of  the  executive 
committee. 

Sec.  3.  The  fnumce  conimittee  shall  consist  of  four  members  besides 
the  president  and  the  chairman  of  the  executive  committee,  each  of 
whom,  by  virtue  ^^i  his  office,  shall  be  a  member  of  the  finance  committee. 
So  far  as  practicable,  each  of  the   four  elected  members  of  the  finance 
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committee  shall  be  a  person  of  experience  in  matters  of  finance,  and,  so 
far  as  practicable,  the  four  elected  members  shall  be  taken  equally  from 
the  three  classes  of  directors.  Unless  otherwise  ordered  by  the  board  of 
directors,  each  elected  member  of  the  finance  committee  shall  continue 
to  be  a  member  thereof  until  the  expiration  of  his  term  of  office  as  a 
director. 

The  finance  committee  shall  have  special  and  general  charge  and 
control  of  all  financial  affairs  of  the  company.  The  general  counsel,  the 
treasurer,  the  auditor,  and  the  secretary,  and  their  respective  offices  shall 
be  under  the  direct  control  and  supervision  of  the  finance  committee. 

During  the  intervals  between  the  meetings  of  the  board  of  directors 
the  finance  committee  shall  possess,  and  may  exercise,  all  the  powers  of 
the  board  of  directors  in  the  management  of  the  financial  affairs  of  the 
company,  including  its  purchases  of  property,  and  the  execution  of  legal 
instruments  with  or  without  the  corporate  seal  in  such  manner  as  said 
committee  shall  deem  to  be  best  for  the  interests  of  the  company,  in  all 
cases  in  which  specific  directions  shall  not  have  been  given  by  the  board 
of  directors. 

During  the  intervals  between  the  meetings  of  the  finance  committee, 
and  subject  to  its  review,  the  chairman  thereof  shall  possess  and  may 
exercise  any  of  the  powers  of  the  committee  except  as  from  time  to  time 
shall  be  otherwise  provided  by  resolution  of  the  board  of  directors,  or  of 
the  finance  committee,  but  not  of  the  executive  committee. 

Except  as  otherwise  provided  by  the  by-laws,  or  by  resolution  of  the 
board  of  directors,  all  salaries  and  compensations  paid  or  payable  by  the 
company  shall  be  fixed  by  the  finance  committee. 

No  director  shall  become  a  salaried  employe  of  the  company  except 
by  special  vote  of  the  finance  committee. 

Article  IV.— Officers. 

Sec.  1.  OJiirrs.— The  executive  officers  of  the  company  shall  be  a 
president,  a  vice-president,  or  more  than  one  vice-president,  a  general 
counsel,  a  treasurer,  a  secretary,  and  an  auditor,  all  of  whom  shall  be 
elected  bv  the  board  of  directors. 

The  board  of  directors  may  appoint  such  other  officers  as  they  shall 
deem  necessary,  who  shall  have  such  authority  and  shall  perform  such 
duties  as  from  time  to  time  may  be  prescribed  by  the  board  of  directors. 

The  powers  and  duties  of  the  treasurer  and  secretary  may  be  exer- 
cised and  performed  by  the  same  person. 

In  its  discretion  the  board  of  directors,  by  the  vote  of  a  majority 
thereof,  may  leave  unfilled,  for  any  such  period  as  it  may  f\x  by  reso- 
lution, any  office  except  those  of  i)resident,  treasurer,  secretary,  and 
auditor. 

All  officers  and  agents  shall  be  subject  to  removal  at  any  time  by  the 
affirmative  vote  of  a  majorit}-  of  the  whole  board  of  directors.  All 
officers,  agents,  and  employes,  othei  than  officers  appointed  by  the  board 
of  directors,  shall  hold  office  at  the  discretion  of  the  committee  or  of  the 
officer  appointing  them. 

The  finance  committee  shall  have  power  to  suspend  the  general 
counsel,  the  treasurer,  the  secretary,  or  the  auditor,  and  to  remove  any- 
one in  the  department  of  the  general  counsel,  of  the  treasurer,  of  the 
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secretary,  or  of  the  auditor.  The  executive  committee  shall  have  power 
to  remove  all  ofifiucers,  agents,  and  employes  of  the  company,  except 
officers  elected  or  appointed  by  the  board  of  directors,  and  except  officers, 
agents,  and  errployes  in  the  department  of  the  treasurer,  of  the  secre- 
tary, of  the  general  counsel,  or  of  the  auditor. 

Sec.  2.  Powers  and  Duties  of  the  President. — The  president  shall  pre- 
side at  all  meetings  of  the  stockholders,  and  of  the  board  of  directors, 
and  by  virtue  of  his  office  he  shall  be  a  member  (but  not  chairman)  of 
the  executive  committee  and  of  the  finance  committee.  Subject  to  the 
executive  committee,  he  shall  have  general  charge  of  the  business  of  the 
company,  including  manufacturing,  mining,  and  transportation,  may  sign 
and  execute  all  authorised  bonds,  contracts,  or  other  obligations  in  the 
name  of  the  company,  and  with  the  treasurer  or  an  assistant  treasurer 
may  sign  all  certificates  of  the  shares  in  the  capital  stock  of  the  company. 
He  shall  do  and  perform  such  other  duties  as  from  time  to  time  may  be 
assigned  to  him  by  the  board  of  directors. 

Sec.  3.  Vice-Presidents. — The  board  of  directors  may  appoint  a  vice- 
president  or  more  than  one  vice-president.  Kach  vice-president  shall 
have  such  powers  and  shall  perform  such  duties  as  may  be  assigned  to 
him  by  the  board  of  directors. 

Sec.  4.  The  General  Counsel. — The  general  counsel  shall  be  the  chief 
consulting  officer  of  the  company  in  all  legal  matters,  and,  subject  to  the 
board  of  directors  and  the  finance  committee,  shall  have  general  control 
of  all  matters  of  legal  import  concerning  the  company. 

Sec.  5.  Powers  and  Duties  of  Treasurer. — The  treasurer  shall  have 
custody  of  all  the  funds  and  securities  of  the  company  which  may  have 
come  into  his  hands  ;  when  nccessar\'  or  proper  he  shall  indorse  on 
behalf  of  the  companx',  for  collection,  cheques,  notes,  and  other  obliga- 
tions and  shall  deposit  the  same  to  the  credit  of  the  compan\'  in  such 
bank  or  banks  or  depositor}'  as  the  board  of  directors  or  the  finance 
committee  may  designate  ;  he  shall  sign  all  receipts  and  vouchers  for 
payments  made  to  the  company  ;  jointly  with  such  other  officer  as  may 
be  designated  by  the  finance  committee  he  shall  sign  all  cheques  made 
by  the  company,  and  shall  pa\'  out  and  dispose  of  the  same  under  the 
direction  of  the  board  or  of  the  finance  committee  ;  he  shall  sign,  with 
the  president,  or  such  other  j^crson  or  persons  as  may  be  designated  for 
the  purpose  b\^  the  board  of  directors  or  the  finance  committee,  all  bills 
of  exchange  and  promissor\'  notes  of  the  compan\' ;  he  may  sign  with 
the  president  or  a  vice-president,  all  certificates  of  shares  in  the  capital 
stock  ;  whenever  required  by  the  board  of  directors  or  by  the  finance 
committee  he  shall  render  a  statement  of  his  cash  account  ;  he  shall 
enter  regularh',  in  books  of  the  company  to  be  ke})t  by  him  for  the 
purpose,  full  and  accurate  account  of  all  moneys  received  and  paid  by 
him  on  account  of  the  company  ;  he  shall,  at  all  reasonable  times, 
exhibit  his  books  and  accounts  to  an\'  director  of  the  company  upon 
application  at  the  office  of  the  company  during  business  hours  ;  and  he 
shall  perform  all  acts  incident  to  the  })osition  of  treasurer,  subject  to  the 
control  of  the  board  of  directors  or  of  the  finance  committee.  By  virtue 
of  his  office  the  treasurer  shall  be  assistant-secretarv. 

He  shall  give  a  bond  for  the  faithful  discharge  of  his  duties  in  such 
sum  as  the  board  of  directors  or  the  finance  committee  may  require. 
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Sec.  6.  Assistant  Treasurers. — The  board  of  directors  or  the  finance 
committee  may  appoint  an  assistant-treasurer  or  more  than  one  assistant- 
treasurer.  Each  assistant-treasurer  shall  have  such  powers  and  shall 
perform  such  duties  as  may  be  assigned  to  him  by  the  board  of  directors 
or  by  the  finance  committee. 

Sec.  7.  Pavers  and  Duties  of  Secretary.  -The  secretary  shall  keep 
the  minutes  of  all  meetings  of  the  board  of  directors,  and  the  minutes  of 
all  meetings  of  the  stockholders,  and  also  (unless  otherwise  directed  by 
the  finance  committee)  the  minutes  of  all  committees  in  books  provided 
for  that  purpose ;  he  shall  attend  to  the  giving  and  serving  of  all  notices 
of  the  company  ;  he  may  sign  with  the  president  in  the  name  of  the 
company  all  contracts  authorised  by  the  board  of  directors  or  by  the 
finance  committee,  and,  when  so  ordered  by  the  board  of  directors  or  the 
finance  committee,  he  shall  affix  the  seal  of  the  company  thereto  ;  he 
shall  have  charge  of  the  certificate  books,  transfer  books,  and  stock 
ledgers,  and  such  other  books  and  papers  as  the  board  of  directors  or 
the  finance  committee  may  direct,  all  of  which  shall,  at  all  reasonable 
times,  be  open  to  the  examination  of  an\'  director,  upon  application  at 
the  office  of  the  comi)any  during  business  hours;  and  he  shall  in  general 
perform  all  the  duties  incident  to  the  office  of  secretary,  subject  to  the 
control  of  the  board  of  directors  and  of  the  finance  committee.  By 
virtue  of  his  office  the  secretary  shall  be  assistant-treasurer. 

Sec.  8.  Assistant  Secret.iries. — The  board  of  directors  or  the  finance 
committee  may  appoint  one  assistant  secretary  or  more  than  one  assistant 
secretary.  Each  assistant  secretary  shall  have  such  powers  and  shall 
perform  such  duties  as  may  be  assigned  to  him  b\'  the  board  of  directors 
or  by  the  finance  committee. 

Sec.  9.  Auditor. — The  auditor  shall  be  the  principal  officer  in  charge 
of  the  accounts  of  the  company,  and  shall  perform  such  duties  as  from 
time  to  time  may  bj  assigned  to  him  by  the  board  of  directors  or  the 
finance  committee. 

Sec.  10.  Voting  upon  Stocks. —  Unless  otherwise  ordered  b\'  the  board 
of  directors  or  by  the  finance  committee,  the  chairman  of  the  finance 
committee  or  the  chairman  of  the  executive  committee  shall  have  full 
power  and  authority  in  behalf  of  the  company  to  attend  and  to  act  and 
to  vote  at  any  meetings  of  stockholders  of  any  corporation  in  which  the 
company  may  hold  stock,  and  at  an\'  such  meeting  shall  possess  and 
may  exercise  any  and  all  the  rights  and  powers  incident  to  the  owner- 
ship of  such  stock  and  which,  as  the  owner  thereof,  the  company  might 
have  possessed  and  exercised  if  present.  The  board  of  directors  or  the 
finance  committee,  by  resolution,  from  time  to  time,  may  confer  like 
powers  upon  any  other  person  or  persons. 

Article  V.— Capital  Stock— Seal. 

Sec.  I.  Certificates  of  Shares. —  rhe  certificates  for  shares  of  the  capital 
stock  of  the  company  shall  be  in  such  form,  not  inconsistent  with  the 
certificate  of  incorporation,  as  shall  be  prepared  or  be  ai)proved  by  the 
board  of  directors.  The  certificates  shall  be  signed  by  the  president  c»r 
a  vice-president,  and  also  by  the  treasurer  or  an  assistant  treasurer. 

All  certificates  shall  be  consecutively  numbered.     The  name  of  the 
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person  owning  the  shares  represented  thereby,  with  the  number  of  such 
shares  and  the  date  of  issue,  shall  he  entered  on  the  company's  books. 

No  certificate  shall  be  valid  unless  it  be  signed  by  the  president  or  a 
vice-president,  and  by  the  treasurer  or  an  assistant-treasurer. 

All  certificates  surrendered  to  the  company  shall  be  cancelled,  and 
no  new  certificates  shall  be  issued  until  the  former  certificate  for  the 
same  number  of  shares  of  the  same  class  shall  have  been  surrendered  and 
cancelled. 

Sec.  2.  Transfer  of  Shares, — Shares  in  the  capital  stock  of  the  com- 
pany shall  be  transferred  only  on  the  books  of  the  company  by  the 
holder  thereof  in  person,  or  by  his  attorney,  upon  surrender  and  can- 
cellation of  certificates  for  a  like  number  of  shares. 

Sec.  3.  Regulations, — The  board  of  directors,  and  the  finance  com- 
mittee also,  shall  have  power  and  authority  to  make  all  such  rules  and 
regulations  as,  respectively,  they  may  deem  expedient  concerning  the 
issue,  transfer,  and  registration  of  certificates  for  shares  of  the  capital 
stock  of  the  company. 

The  board  of  directors  or  the  finance  committee  may  appoint  a 
transfer  agent  and  a  registrar  of  transfers,  and  may  require  aJl  stock 
certificates  to  bear  the  signature  of  such  transfer  agent  and  of  such 
registrar  of  transfers. 

Sec.  4.  Closing  of  Transfer  Books. — The  stock  transfer  books  shall  be 
closed,  for  the  meetings  of  the  stockholders  and  for  the  payment  of 
dividends  during  such  periods  as  from  time  to  time  may  be  fixed  by  the 
board  of  directors  or  by  the  finance  committee,  and  during  such  periods 
no  stock  shall  be  transferable. 

Sec.  5.  Dividends, — The  board  of  directors  may  declare  dividends 
from  the  surplus  or  net  profits  of  the  company  over  and  above  the 
amount  which  from  time  to  time  may  be  fixed  by  the  board  as  the 
amount  to  be  reserved  as  workinij  capital. 

The  dates  for  the  declaration  of  dividends  upon  the  preferred  stock, 
and  upon  the  common  stock,  of  the  company  shall  be  the  days  by  these 
by-laws  fixed  for  the  regular  monthly  meetings  of  the  board  of  directors 
in  the  months  of  April,  July,  October,  and  January  in  each  year,  on 
which  days  the  board  of  directors,  in  its  discretion,  shall  declare  what,  if 
any,  dividends  shall  be  declared  upon  the  preferred  stock,  and  the 
common  stock,  or  cither  of  such  stocks. 

The  dividends  on  the  preferred  stock  shall  be  payable  quarterly,  on 
the  fourth  Wednesday  next  after  the  several  dates  of  the  declaration 
thereof. 

Sec.  6.  Working  Capital. — The  directors  shall  not  be  required  in 
January  in  each  year,  after  reserving  over  and  above  its  capital  stock 
paid  in  as  a  working  capital  for  said  corporation,  such  sum,  if  any,  as 
shall  have  been  fixed  b}'  the  stockholders,  to  declare  a  dividend  among 
its  stockholders  of  the  whole  of  its  accumulated  profits  exceeding  the 
amount  so  reserved,  and  pay  the  same  to  such  stockholders  on  demand ; 
but  the  board  of  directors  may  fix  a  sum  which  may  be  set  aside  or 
reserved,  over  and  above  the  company's  capital  paid  in,  as  a  working 
capital  for  the  company,  and  from  time  to  time  they  may  increase, 
diminish,  and  vary  the  same  in  their  absolute  judgment  and  discretion. 
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Production  of  Coke  and  Anthracite  Pig-Iron 

IN   THE   UNITED  STATES. 


By  AXEL  SAHLIN,  Millom,  Cumberland. 


INTRODUCTION. 

Modern  iron  making  comprises  a  combination  of  problems  of 
transportation,  cnginecrin<^  and  metallurgy,  the  successful  solution 
of  which  will  result  in  the  production  of  pig-iron  of  required  com- 
position at  a  minimum  cost. 

It  is  this  question  of  lowest  cost  and  highest  quality,  as  compared 
with  other  makers  in  the  same  market,  that  in  each  case  determines 
the  relative  importance  of  the  problems  confronting  the  manufacturer. 
In  one  case  the  question  of  transportation  offers  the  greatest  diffi- 
culty, in  another  the  composition  and  form  of  the  raw  materials 
may  tax  the  science  and  watchfulness  of  the  metallurgist  to  the 
utmost,  while  in  others,  the  skill  and  ingenuity  of  the  engineer  must 
carry  the  day. 

A  report  on  modern  iron  making,  or  blast  furnace  practice,  must, 
therefore,  begin  by  dealing  with  the  raw  materials  as  the)'  leave  mother 
earth  at  mine,  colliery,  or  quarry ;  follow  them  on  their  journey 
to  the  furnace,  and  recount  the  means  of  handling,  transportation  and 
store^e.  It  must  also  observe  the  phenomena  of  their  transformation 
in  the  furnace,  paying  particular  attention  to  the  means,  metallurgical 
and  mechanical,  for  expediting  this  transformation  ;  and  finally  give 
an  account  of  the  disposal  and  composition  of  the  ultimate  products 
— iron,  slag  and  gases.  The  human  factor  in  iron  making — direction, 
management  and   labour,  must  also  be  briefly  dealt  with. 

It  is  the  purpose  of  this  Report  to  give  an  account  of  the 
manner   in   which   the   ironmasters  and  engineers  of  America,  in  the 
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year  1901,  are  solvin|^  these  problems  of  transportation,  engineering;, 
and  metallurL:^)'  in  the  production  of  pij^-iron  smelted  with  coke  and 
anthracite,  as  observed  chirin^r  a  six  weeks'  tour  in  the  L'nite<l 
States,  as  a  commissioner  to  the  l^ritish  Iron  Trade  Association  in 
October  and  November.  1901,  and  as  studied  and  learned  durir.j; 
18  vcars  of  hard  and  unremittini^  work  in  the  service  of  tlic  iron 
an(i  steel  trade  of  that  countrv. 

The  early  history  of  iron  makinLj,  always  interesting  and  instructive, 
is  admirably  told  by  Mr.  James  M.  Swank,  general  manaj^er  of  the 
American  Hcssemcr  Steel  .Association,  the  father  of  statistics  of  iron  and 
steel,  in  his  excellent  book  Inw  in  all  Ai^es.  I  can  do  no  better  than 
refer  these  interested  in  the  history  of  iron  to  this  work,  and  at 
once  go  on  to  deal  with  the   present  status  of  the   industry. 

Modern  iron  making  in  America  began  when,  in  18S1,  the  lon|T[- 
doubted  rumour  became  certainty,  that  the  late  Captain  William  K. 
Jones  and  Julian  Kenned}',  had,  by  means  of  high  heats  and  large 
volume  of  blast,  succeeded  in  niore  than  doubling  the  output  of  the 
Edgar-Thomson  l^^irnaccs,  without  altering  the  plant.  It  became  fully 
established  when  Antlrcw  Carnegie  was  the  first  to  recognise  and 
act  on  the  necessit)'  for  the  successful  iron  producer  to  control  his 
own  raw  material,  and  it  gained  international  im[)ortance  when  this 
wonderful  man  joined  to  plants  and  mines  the  possession  of  railroads 
and  ships.  It  is  along  the  lines  laid  out  b\'  these  men,  and  on  the 
foundations  largely  built  b\'  them,  that  the  iron  industry  of  the 
United   States  to-day  is  developing. 

In  this  Report,  attention  will  be  given  only  to  iron  produced  with 
mineral  fuel  -coke  and  anthracite  coal.  Charcc^al  iron  has  been 
left  out  of  consideration  as  being  of  n>)  direct  importance  to  Hritish 
iron  makers. 


CliAPTKR    I. 

Geography  of  Iron. 

XatL'RK  has  depositeJ,  and  man  has  discovered  and  opened  up. 
workable  deposits  of  iron  ore  and  fuel  in  certain  often  widely  separ- 
ated localities.  It  has  provided  certain  natural  lines  of  communi- 
cation, such  as  seas,  lakes  and  rivers.  To  these  man  has  added 
artificial  ones,  for  instance:  canals,  railroads,  aerial  cableways,  etc. 
These  together  constitute  the  physical  geography  of  iron.  The  p]ant> 
which  have  arisen  under  the  influence  of  these  physical  conditions  form 
the  political  geograplu'  of  metallurgy. 

In  America,  all  the  more  important  productive  mines  and  collieries. 
and  all  the  prominent  iron  and  steel  plants,  except  that  of  the  Colorado 
l^'uel  and  Iron  Company,  of  Pueblo,  Colorado,  are  located  cast  of 
the  Mississij)i)i.  Within  20  years  from  now,  this  statement  will 
probabh'  have  to  be  greatly  modified,  as  considerable  deposits  of  ore 
and  coal  in  the  far  west  are  known  to  lie  waiting  for  the  "  westward 
march  of  Empire  "  to  reach  and  develop  them. 


(lEOGRAPHV  OF   IRON.  4OI 

In  tracing  the  general  considerations  which  influence  the  locating 
of  iron  works,  we  find  four  factors  which  are  important  in  the  order 
named,  viz. :— 

(i)  Fuel  supply. 
(3)  Markets. 

(3)  Ore  supply. 

(4)  Labour. 

(i)  Fuel  \s  difficult  and  costly  to  transport.  It  is  bulky  and  deterio- 
rates when  rehandlcd  or  stored.  Fuel  is  also  needed,  not  only  for 
the  reduction  of  ore,  but  also  for  the  subsequent  processes  of  steel 
making  and  manufacturing.  It  is,  therefore,  a  necessity  so  to  locate 
plants  that  they  have  an  abundant  and  cheap  supply  of  mineral  fuel 
at  a  convenient  distance. 

(2)  The  next  factor  in  importance  seems  to  be  the  ready  access  to  a 
market  where  the  bulk  of  the  product  of  the  works  can  be  easily 
and,  above  all,  regularly  turned  into  money.  Such  access  relieves  the 
manufacturer  of  unlooked-for  changes  in  freight  charges,  and  enables 
him  quickly  to  take  advantage  of  fluctuations  in  price,  and  to  deliver 
promptly  the  orders  confided  to  him  for  execution,  thereby  giving 
him  an  unquestioned  advantage  over  a  competitor  who  must  make 
allowance  for  heavy  freight  charge,  uncertain  transportation,  and  slow 
transit  of  his  bulky  product.  It  is  only  seldom  that  we  find  an  iron 
plant  located  away  from  its  market  to  be  successful.  If  in  certain 
•cases  success  is  achieved,  this  depends  on  the  comparative  cheapness 
of  ore,  and  especially  of  fuel. 

(3)  Roughly  speaking,  two  tons  of  ore,  more  or  less,  are  required  to 
make  a  ton  of  iron.  It  would,  therefore,  seem  as  if  it  were  good 
policy  to  locate  plants  close  to  the  ore  supply.  Experience  teaches 
us  that  this  is  less  important  than  to  secure  cheap  fuel  and  a  handy 
market.  Modern  means  of  shipment,  transfer,  and  .storage,  make 
ore  transport  cheap,  and  ore  does  not,  as  a  rule,  deteriorate  in 
transit.  We  therefore  find  that  in  all  countries,  but  especially  in 
America,  some  of  the  largest  and  most  successful  plants  are  obliged 
to  carry  their  weightiest  raw  materials  from  mines  to  furnace  a 
distance  of  a  thousand   miles  or  more. 

(4)  Labour  congregates  spontaneously  at  all  the  great  industrial 
markets.  Besides,  man  will  go  where  he  finds  his  bread  and  butter. 
A  plant  will,  therefore,  soon  create  its  own  supply  of  labour,  and, 
except  in  really  unhealthy  climates,  or  in  localities  entirely  outside  of 
civilisation,  little  consideration  need  be  given  to  the  question  of 
labour  supply. 

The  four  considerations  above  named  have  influenced  the  locating 
of  the  American  iron  works,  and  attempts  to  disregard  them  have 
generally  been  punished  by  failure  or,  at  best,  retarded  prosperity. 

The  map  of  the  eastern  part  of  North  America  TFrontispiece),  shows 
the  location  of  the  principal  ore  deposits,  coking  coal  regions 
and  blast  furnaces  at  work  October  ist,  1901  ;  also  the  principal 
lines  of  transport  for  ore,  coke,  and  product  iot  export. 

I)  D 
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CHAPTER  II. 

Supply  and  Production  of  Iron  and  Manganese  Ores, 

The  figures  <^iven  in  this  chapter  arc  mostly  quoted  from  Mr. 
John  liirkinbinc\s  official  report,  prepared  for  the  United  Slates 
Geolo<^icaI  Survey,  and  from  Mr.  James  M.  Swank's  statistics  for 
1900.  Iron  ore  occurs  in  the  United  States  in  numerous  deposits  in 
the  regions  of  the  Appalachian  Range,  extending  from  the  Canadian 
line  in  the  north  to  the  middle  part  of  the  State  of  Alabama  in  the 
south,  a  distance  of  1,200  miles.  In  yet  mightier  deposits,  ores  are 
found  around  the  southern  and  western  shores  of  Lake  Suj^crior* 
West  of  the  Mississippi,  large  quantities  of  iron  ore  are  being 
worked  in  Central  Colorado.  Beds  of  ore  of  unknown  extent,  and 
at  present  of  uncalculable  possibilities,  are  also  known  to  exist  in. 
man\'  of  the  States  in  the  far  west  and  south-west,  but  production 
of  ore  from  them  is  as  yet  of  only  local  importance. 

The  most  important  ore  district  of  to-day  is  that  of  Lake  Superior^ 
producing  during  the  \'car  1900,  20,564,238  tons.  The  States 
contributing  to  this  enormous  tonnage  were  : — 

(i).  Michigan,  with  9,976,727  tons  of  almost  exclusively  red 
hematite. 

(2).  Minnesota,  with  9,834,399  tons — all    red   hematite. 

(3),  Wisconsin,  with  746,105  tons — almost  wholly  red   hematite. 

The  ores  of  this,  the  greatest  iron  district  in  the  world,  arc  found  in 
five  so-called  ranges.  The  following  table  gives  the  name  of  these 
ranges,  the  tonnage  of  ore  produced  from  each  during  1900,  and  the 
total   production  of  each  since  operations  commenced. 

In  the  table,  the  ranges  have  been  placed  in  the  chronological 
order  in   which  they  were  exploited,  viz  : — 


Name  of  Ran^k 

1 
1 

Year ( >pencd. 

(Tons). 

to  1900  (Tons). 

Marquette    

Menominee 

(iogebic        

\'ennilion     

Mesaba        

'i'otal 

1S56 
1877 
1884 
1884 
1892 

...     •••     ••«      ...     .«• 

3,945,068 

3,68o,73« 
3.104,033 

1,675,949 

8,158.450 

20,564,238  tons. 

59,592,793 
34,015,979 

31,216,635 

15,191,180 

31,400.077 

I7i,4i6,6<»4  tons. 

It  will  be  noted  that,  with  the  exception  of  the  Mesaba  Range,  the 
ranges  in  1900  took  rank  in  accordance  with  the  dates  on  which 
they  were  opened,  and  that  the  Lake  Superior  region  produced 
75  per  cent,  of  all  the  ore  consumed  in  the  United  States.  The 
production  of  this  marvellous  region  was  doubled  within  the  five  years 
1895  to  1900.  The  total  amount  of  ore  won  from  the  district  from 
the  oi)cning  of  the  mines  until  December  31st,  1900,  amounted  to. 
the  enormous  quantity  of  171,418,984  tons. 
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As  to  analysis,  the  ores  in  the  various  ranges  var}-,  as  follows : — 


Maniuctte.    '    Menominee.  Gogebic.  \'ermilion. 


Moaln. 


Max.  i    Min.  ,  Max. 


Min.  '  Max.      Min.  '  Max.      Min. 


Max. 


I 


Iron     '  64 

Phosphorus     '  '52 

Silica I  380 

Manganese     1  36 

Alumina     ...  '  4'2 

Lime '  2S0  '  trace  |    2*80 

Magnesia  ...  I  370  '      'i     ,    3*84 


Min. 


5151 


40    I  601 3  138*85  I  6064    4323  16669     56-99  j  60*27 

•OI2;        72    !        012        '138         0281        '13    I         035         -088;        -027 

28   138*65  '  2*58    17*76    2*40  I  785     204  I  80   !  216 

trace  '    5*29  I      08  1  9*54 

42  I    3*04  I      -38  I  1  97 

•17  ;  -42 

•29  '  '40 


'35        *29  I      02  I    1. 14  I     mS 
•25  '    318  ,      97  I    283  I     -55 

•|2    I         56  20   I     104   I        -I 


007,       47 


•10 


Sulphur      ...  1       0831  003      '223'  -0018'      '027       005    trace    none 

Loss  by  Igni-  '             '  1            |            ! 

lion I    4  9     I  •»?  1    970  ,  '88  '    5*85 

Moisture   ...     1096  \  '3?     '2*33  i  290    1470 


•36 
052 


•009 
trace 


*86       I  50        '43  I  1 2 '20  ;    1*84 
75      ^71        '52     13 »       7*4 


The  bulk  of  Lake  Superior  ores  are  particularly  suitable  for  pro- 
ducin<2^  a  low  phosphorus  ba.sic  open-hearth  iron,  or  a  Bessemer  iron 
suitable  for  rails  and  structural  material. 

The  freights  and  distances  from  the  various  ranges  to  Cleveland, 
Ohio,  are  about  as  follows  : — 


Ranges. 

Marquette    ... 
Menominee  ... 

(lOgebic 
Vermilion     ... 
Mesaba 


Shipping  Port, 


Marquette 
Escanaba 

\     Marquette,  t 

(       Ashland  > 

^'      Duluth,  f 

)  2  Harbours  » 

C       Duluth,  f 

(2  Harbours  * 


Kail  Haul 
(miles). 


»5 
40  60 

40 
100 

/5 


I      Kate   per 
Ton — 1 901. 


10} 
I  8 


1/8 

4'2 
34 


Lake  Trans-'     Kate  per 
port  (miles).    Ton — 1901. 


600 
550 
600 

825 

825 


2/ 1 1 
26 

2/1 1 

3  + 
3/4 


The  price  of  a  ton  of  Old  Range  (lumpy)  Lake  ore,  containfng 
63  per  cent,  iron,  045  per  cent,  of  phosphorus,  and  10  per  cent, 
water,  f.o.b.  Cleveland,  Ohio,  was  at  the  time  of  my  visit,  October. 
1901,  17s.  8d.  ;  Mesaba  ore  (dust  fine),  containing  about  63  per  cent, 
iron,  had  been  sold  during  1901  as  low  as  i  is.  6d.  per  ton.  The  rail 
freight  from  Cleveland  or  other  ports  of  Lake  Erie  to  Pittsburg  during 
the  season  1901,  was,  including  cost  of  unloading  and  all  harbour  dues, 
4s.  I  id.  per  ton.  The  freight  from  Lake  port  to  the  furnace  in  the  Ohio 
valleys  or  Wheeling  for  the  same  season  was  2s.  loid.  From  these 
prices  a  rebate  of  6d.  per  ton  was  made  if  the  ore  was  shipped 
direct  as  unloaded,  or  a  reduction  of  2id.  if  the  ore  was  taken  from 
storage  or  docks. 

The  ores  in  the  older  ranges  are  recovered  from  underground 
workings.     In  the   newer   ranges,   Vermilion   and    Mesaba,  the  ore  is 

I)  i>  2 
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mostly  found  in  large  beds  under  a  surface  cover,  generally  ranging 
from  7  to  ii  ft,  in  thickness.  This  cover  is  removed  by  steam 
shovels,  and  the  same  powerful  instrument,  which  is  made  to  dig 
ID  tons  of  ore  at  every  dip,  is  then  employed  to  burrow  into  the  ore. 
This  ore  is  fine  and  soft,  and  the  cost  of  mining  is  nominal.  Royalties, 
where  such  are  charged,  range  from  5d.  to  2s.  6d.  per  ton,  but  most  of 
the  iron  works  own  their  mines  outright.  The  territory  around  Lake 
Superior  is  as  yet  only  imperfectly  explored,  and  new  discoveries 
are  made  every  year.  The  immensity  of  the  deposits  known  can  be 
realised  from  the  statement  made  by  Mr.  Chas.  M.  Schwab,  that  the 
United  States  Steel  Corporation  has  now  available,  in  the  Lake 
Superior  district,  600,000,000  tons  of  ore. 

The  system  of  transportation  for  Lake  Superior  ore  will  be  described 
in  a  separate  chapter. 

The  ore  deposits  of  the  Appalachian  Range  have  beeii  worked 
during  the  past  year  in  the  following  States,  and  to  the  ibllowing 
extent,  viz. : — 

(i).  Pennsylvania,  with  a  production  of  877,684  tons,  of  which  about 
60  per  cent,  were  magnetites,  mostly  from  the  large  deposit  at 
Cornwall  ;  the  remaining  40  per  cent,  were  divided  I^tween  broMrn 
and  red  hematites.  The  Cornwall  deposit  consists  of  crystalline 
magnetic  ore  embedded  in  schistose  talc,  and  carrying  sulphur  as 
pyrites  and  copper  pyrites.  Large  films  of  pure  copper  are  also  found 
embedded  in  the  ore.  The  deposit  has  been  worked  since  before 
the  War  of  the  Revolution,  when  some  of  the  cannon  which  wece 
used  in  Washington's  armies  were  cast  of  iron  made  from  Cornwall 
ore.  The  deposit  is  a  homogeneous  body  filling  a  crater  measuring 
i^  miles  in  length  and  about  half  a  mile  in  width.  The  depth  is 
unknown.  The  sides  of  this  crater  are  formed  of  thin  walls  of 
diabas  trapp.  The  theory  for  the  unique  occurrence  of  this  immense 
dej)osit  is  that  at  some  geological  date  the  surface  of  the  country 
was  covered  with  this  mixture  of  magnetite  and  schistose  talc.  An 
eruption  took  place,  forcing  a  thin  film  of  trapp  through  fissures  to 
the  surface  of  the  ore  deposit,  which  is  located  700  ft.  above  the 
present  level  of  the  country.  Floods  later  washed  away  the  iron 
ore  until  the  impervious  layer  of  trapp  formed  a  protection  which 
resisted  tlic  action  of  the  water.  Later,  clay  and  gravel  were  packed 
around  the  walls  of  the  "  beaker/'  which  still,  until  the  present  day, 
have  protected  those  valuable  contents  of  iron  ore. 

Coi'fnvall  (Pd,)    Ore  (average  savip/e)  Analysis: — 

Per  cent 

iiuii  •••  •••         ...  ...         ...         .,.         4S  7^ 

k^lllCtl  ...  ...  ...  ...  ...  ..,  Ip^QO 

Alumina...  ...         ...         ...         ...•        ...  4*25 

^iiiic         ...  ...          ...          ...          ...          ...  3  9^ 

Magnesia  y'21 

riiosphorus  '02 

^nipnur...  ...         ...         ...         ...         ...  .02 

V opper  ..•  ...         ...         ...         ,,.         .,,  *5^ 

During  previous  years  the  mine  has    at   times  been   worked   to  the 
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extent  of  nearly  800,000  tons  per  annum.  The  cost  of  placing  the  ore 
on  railway  cars  was,  a  few  years  ago,  given  as  yd.  per  ton. 

(2).  New  York,  producing  441,485  tons,  of  which  78  per  cent 
were  magnetites,  largely  from  Chateaugay  and  Port  Henry ;  the  re- 
mainder red  and  brown  hematites  and  carbonates.  There  "are  in 
New  York  State  very  large  deposits  of  lean  magnetite,  with  more 
or  less  of  impurities.  Along  the  western  shore  of  Lake  Champlain, 
whole  mountains  of  titaniferous  ores  are  found,  which,  if  the  day 
ever  comes  when  we  know  how  to  handle  a  large  percentage  of  titanic 
acid  in  the  blast  furnace,  will  become  of  exceedingly  great  value. 

(3).  New  Jersey  produced  during  1900,  344,237  tdtos  of  almost 
wholly  magnetic  ore.  It  is  in  the  northern  part  of  this  State 
that  Thomas  A.  Edison  has  carried  out  his  magnificent  experiments 
in  magnetic  separation,  about  which  more  will  be  said  in  the  following 
pages. 

Following  the  chains  of  the  Alleghenies  into  the  south,  \v^  find  a 
continuation  of  the  ore  deposits,  which  now,  however,  have  changed 
from  magnetite  into  red  and  brown  hematites.  First  amonjf  the 
southern  States  as  an  ore  producer  stands — 

(i).  Alabama,  with  a  production  of  2,759,247  tons,  of  which  72 
per  cent  were  red  hematite,  and  the  remainder  brown  hematite. 
The  principal  ore  deposit  in  Alabama  is  the  remarkable  Red  Mountain 
vein  of  fossiliferous  ore  located  near  the  city  of  Birmingham.  This  vein 
can  be  traced  out  cropping  along  the  top  of  a  low  hill  running  frotn 
N.N.E.  to  S.S.W.  for  a  distance  of  25  miles.  The  ore  has  a  unifortn 
thickness  of  8  ft.  to  8  ft.  3  in.,  and  inclines  towards  south-east  at  an 
angle  of  about  20  degrees.  The  ore  consists  of  red  hematite,  and 
changes  at  a  depth  on  the  slope  of  about  400  ft  below  the  outcropping 
from  silicious  soft  to  calcareous  hard  ore.  The  theory  is  that  the 
ore  nearest  to  the  outcropping  has  been  acted  upon  by  the  surface 
water  dissolving  the  carbonate  of  lime,  thus  gradually  becoming 
richer  and  more  open.  This  upper  ore  is  known  in  the  south  as 
"soft  red,"  whereas  the  deeper-lying  is  known  as  "hard  red."  In 
addition  to  this  mighty  vein,  there  arc  scattered  over  neighbouring 
parts  of  Northern  Alabama,  Western  Georgia,  Eastern  Tennessee, 
and  South-Wcstern  Virginia  surface  pockets  containing  the  brown 
hematite  ore  which  is  so  valuable  an  addition  to  the  mixture  of  the 
southern  furnaces. 

Average  analyses  obtained   of  the  three  ores  in  use  in    Alabama 


are  : — 


Element. 

Hard  Red  Ore. 

IrtMi         ... 

3970 

Silica 

io*o6 

Aiumina  ... 

3*93 

Lime 

15-27 

Manganese 

•23 

Sulphur  ... 

•09 

Phosphorus 

•31 

Soft  Red  Ore. 

56*0 

1273 
521 

•84 
*22 
•071 
•08  s 


Brown  Ore. 

506 

13*30 
4-29 

None 

7 
None 


The  ore   varies   considerably    in   different    shafts,  and   this   variation 
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requires  constant  watchfulness  on  the  part  of  the  southern:  furnace 
managers.  One  particular  firm  controls  a.  supply  of  soft  red  and 
hard  red  ore,  which  can  be  mixed  to.  form  a.  self-fluxing  burden, 
The  Alabama  ores  are  all  used  locally. 

(2).  The  second  ore-producing  State  of  the  south  is  Virginia,  with 
an  output  in  1900  of  921,821  tons,  almost  exclusively  brown  hematite. 
The  individual  mines  are  scattered  over  a  large  area.  The  deposits  arc 
of  moderate  size  and  have  only  local  importance. 

(3).  Third  in  order  we  find  Tennessee,  producing  594,771.  tons,  of 
which  55  per  cent,  were  red  and  45  per  cent,  brown  hematite. 

(4).  Georgia  and  North  Carolina  together  mined  336,186  tons,  of 
which  80  per  cent,  were  brown  hematite  and  the  remainder  red  hema- 
tite and  magnetite. 

In  the  State  of  North  Carolina  is  found  the  vast  Cranberry  ore 
field,  a  mountain  ridge  consisting  of  a  pure  but  lean  magnetic  ore. 
which,  when  the  problem  of  concentration  is  fully  solved,  and  trans- 
portation facilities  are  provided,,  may  become  of  exceedingly  great 
importance  to  the  southern  iron  industry  for  enriching  the  ore  mixtures. 

Separated  from  the  other  iron-producing  States  by  a  distance  of 
more  than  1,000  miles,  we  find  the  State  of  Colorado  mining,  ore  at 
the  rate  of  407,084  tons,  mostly  brown  hematites,  the  remainder  being 
magnetic  ore  rich  in  manganese  and  silver,  for  the  sake  of  which 
latter  it  is  mined.  The  Colorado  iron  plant  also  draws  a  certain 
percentage  of  its  ore  from  Wyoming  and  New  Mexico. 

The  total  production  of  ore  in  the  United  States  during  1900  is 
estimated  by  Mr.  Birkinbine  at  27,553,161  tons,,  with  an  average 
value  of  2:42  dols.,  equal  to  los.  per  ton. 

Ma^s^futic  Separation. — There  are  scattered  throughout  the  iron- 
bearing  formations,  especially  in  the  ICastern  and  Rocky  Mountain 
States,  great  deposits  of  low-grade  magnetic  ore,  which  when  crushed, 
.separated,  and  briquetted  forms  a  very  acceptable  smelting  ore,  with 
from  62  up  to  70  per  cent,  of  iron,  especially  suited  for  enriching 
furnace  mixtures.  It  is,  therefore,  little  wonder  that  the  separating 
business  became  a  popular  fad  in  the  late  eighties,  when  electro- 
magnetic machinery  had  reached  a  high  grade  of  development.  No 
less  than  34  separating  plants  were  started  inside  a  couple  of  years. 
Patents  by  the  hundred  for  separating  and  crushing  machinery  were 
applied  for,  granted,  and — forgotten,  'fhe  difficulties  were  too  many, 
too  costh',  and  too  great  for  most  of  us  novices — I  say  us,  because 
I  m}'self  was  attracted  by  the  alluring  problems  presented,  and  had 
my  fingers  burnt  with  the  rest. 

Alone  amongst  the  defeated  stood  Thomas  A.  Edison,  head  and 
shoulders  above  the  others  in  brains,  genius  and  resources,  and,  what 
is  not  less  important,  in  pluck,  perseverance,  and  abiding  faith  in 
final  success.  P"or  ten  long  years  he  has  struggled  with  the  hardest 
proposition  an\'  man  ever  had  set  before  him.  He  has  spent  on  it 
the  best  energy  of  his  broad  mind,  and  has  failed — yes,  failed  to 
make  and  sell  at  a  profit,  in  competition  with  Mesaba  ore  dipped 
out  with  a  steam  shovel,  ten  tons  at  a  dip,  briquetted  concentrates 
made  from  a  rock  of  which  seven  tons  had  to  be  crushed  to  a  fine- 
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Tiess  to  pass  a.53  mesh  to.the  inch  sieve,  in,  order  to  make  one  ton. 
of  concentrates ;  but  he  succeeded  in  making  these  concentrates 
technically  -  perfect,  in  developing:  the  finest  crushing  and  separating 
machinery  that  the  world  has  ever  seen.  He  succeeded  in  over- 
•coming  the .  formidable  problems  of  dust,  wear,  and  separation  of 
weakly  magnetic  hematite  ;  succeeded  in  pointing  the  way  for  others, 
and  in  adding  one  more  to  the  many  debts  under  which. this  remark- 
able man  has  already  placed  humanity.  Had  Edison  chosen  an  easier 
problem  and  succeeded,  which  he  undoubtedly  would  have  doncv  he 
would  never,  have  helped  and  benefited  others,  and  the  industry  as  a 
whole,  as  he  now  has,  and  it  is  to  be  hoped  and  wished  for  that  future 
success,  with  interest,  will  repay  him  for  the  millions  he  has  unhesi- 
tatingly spent  in.  his  great  experimental  plant  at  Ogden,  and  for  the 
anxiety  and  disappointment  which  this  plant  undoubtedly  at  times 
has  caused  him. 

When  seen  at  his  works  in  West  Orange,  New  Jersey,  Mr.  Kdison 
said  : — "  Yes,  they  had  all  failed,  because  they  worked  on  too  small 
a  scale  to  get  a  product,  and  because  they  could  not  overcome  the 
difficulty  of  the  dust,  nor  had  they  sufficiently  powerful  crushing 
machinery.  At  Ogden  he  had,  in  addition,  met  with  the  difficulty  that 
only  two-thirds  of  the  oxide  of  iron  contained  in  the  ore  was  in  the 
form  of  magnetite  ;  the  rest,  being  martite,  was  weakly  magnetic  and 
went  with  the  tailings.  He  now  had  succeeded  in  designing  bearings 
which  would  run  for  years  under  two  feet  thickness  of  the  finest  dust." 
^Demonstrating.)  *' There  was  a  shaft  running  800  revolutions  per 
minute.  The  journal  boxes  were  ground  together  and  closely  fitted. 
The  oil  vessel  was  hermetically  closed  ;  the  end  of  the  shaft  entering 
the  bearing  was  protected  by  a  collar  of  clean  wool.  The  little  elevator, 
driven  by  a  motor,  delivered  a  constant  flow  of  the  finest  quartz  dust, 
pouring  it  over  the  top  of  the  bearing;  it  had  been  doing  so  for  the 
last  three  months,  and  the  journal  was  now  running  cool. 

**  There  were  his  crushing  rolls ;  they  had  a  capacity  each  of 
-850  tons  of  ore  per  hour.  They  were  faced  with  chilled  iron,  and 
of  a  diameter  sufficient  to  take  in  a  rock  weighing  five .  tons. 
They  were  forced  against  one  another  under  a  pressure  of  17  tons 
per  square  inch,  and  the  springs  on  which  they  had  been  used  to 
rely  had  been  replaced  by  a  rope  drive.  ICach  of  the  many  parts 
of  the  rope  was  under  a  certain  constant  tension,  and  all  added 
together  were  exercising  just  so  much  pressure  on  the  intermediate 
roller."  (He  must  have  three  rollers  in  order  to  reverse  the  motion.) 
*'  He  had  di.scarded  all  belts  and  line  shafting,  one  of  the  causes  of 
their  early  failures.  He  now  used  separate  dust-proof  motors  for 
•each    machine,    and   they   worked. 

*'  He  had  also  found  a  way  in  which  he  could  .separate  specular 
hematite,  or  martite,  often  found  mixed  with  magnetic  ores.  These 
minerals  were  slightly  magnetic,  not  sufficiently  so  to  be  picked  up 
by  a  magnet,  but  yet  enough  to  be  deflected  from  a  perpendicular 
course  when  falling  through  the  field  of  a  large  saturated  electro- 
magnet. He  took  advantage  of  this  b\'  placing  below  the  stream  of 
tailings  a.  sharply-edged  diaphragm,  which  could  be  adjusted  in  such 
a  manner  that  the  weakl}-  magnetic  particles  fell  on  one  side  of  the 
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diaphragm,   while   the   purely  non-magnetic   tailings   dropped    on  the 
opposite  side. 

"  He  was  convinced  that  magnetic  separation  would  succeed  as  a 
business,  but  it  must  be  operated  on  a  large  scale,  and  with  a 
reasonably  favourable  ore,  containing,  say,  not  less  than  20  per 
cent,  of  magnetic  oxide. 

"If  he  had  a  wide  breast  from  which  he  could  blast  the  rock\ 
and  at  the  foot  of  which  he  could  handle  it  bv  means  of  a  lo-ton 
steam  shovel,  he  could  drill,  blast,  shovel  and  transport  the  ore 
a  distance  oif  4,000  ft.,  delivering  it  into  the  crushing  rolls  at 
a  cost  of  5d.  per  ton.  If  he  had,  to  begin  with,  a  rock  containing 
39  per  cent,  of  iron,  he  could  make  briquettes  analysing  68  per 
cent,  iron  at  the  price  of  6s.  2d.  per  ton.  He  calculated  to 
crush  the  ore  finely  enough  to  make  it  pass  a  sieve  having  50 
meshes  to  the  lineal  inch.  Briquettes  made  from  such  fine  ore  by 
an  addition  of  60  lbs.  of  refuse  coal  tar  to  a  ton  of  concentrates, 
were  easily  reduced.  In  an  atmosphere  of  CO  they  would  be 
reduced  inside  of  two  hours,  and  in  a  mixed  atmosphere  of  2C(> 
and  1CO2,  the  time  of  reduction  would  not  exceed  five  hours. 
He  had  found  that  the  cost  of  briquetting  one  ton  of  concentrates- 
was  2s.  5id.  He  mixed  the  concentrates  and  coal  tar  very  care- 
fully, and  pressed  the  briquettes  very  hard.  He  then  passed  them 
over  a  conveyor,  through  a  dr>'ing  furnace.  The  escaping  tar  gas- 
was  brought  back  to  the  grate  and  burned,  and  b)-  so  doing  he 
reduced  the  amount  of  coal  for  drying  one  ton  of  briquettes  from 
90  lbs.  to  24  lbs.  The  briquettes  thus  made  were  quite  hard,  and 
would   stand   any   amount  of  rough  handling. 

'*  He  had  just  shipped  a  separating  plant  for  2,500  tons  per 
day  to  Dundcrland,  Norway,  and  expected  to  be  able  to  deliver 
briqucttcd  concentrates  containing  68  per  cent,  of  iron  in  ship  at 
Middlesbrough,  at  a    net   cost   of   i  is.    per   ton." 

I^t  every  friend  of  England  and  her  iron  industry  earnestly 
hope   that   Mr.    Kdison    is    right    in    this   calculation. 

Benefited  by  the  experience  gained,  and  by  the  better  machinery 
now  available,  new  separating  plants  are  again  being  constructed 
in  America.  One  of  these,  belonging  to  the  Pennsylvania  Steel 
Compan}',  is  being  located  at  Lebanon.  Pa.  It  is  working  on  the 
wet  method  (separation  under  water),  and  is  designed  to  deal  with 
the  plastic  ganguc  of  the  Cornwall  ore.  Another  plant  is  being 
installed  by  Mr.  Jos.  Wharton,  at  the  Ilibcrnia  Mines,  N.J.  This 
plant  will  cobble  the  roughK-  crushed  ore,  picking  out  purely  mag- 
netic pieces,  while  mixed  magnetic  and  non-m«ignetic  portions  will 
be  re-crushed  and  sent  on  to  a  fine  separator,  which  will  recover  the 
bulk  of  the  remaining  magnetite.  The  separator  used  in  this  plant  is 
of  the  Ball  &  Norton  t>i)e. 

A  third  plant  is  in  successful  oj)eration  at  Port  Henry,  N.V., 
where  the  results  are  so  satisfactory  that  the  capacity  of  the  installatioiv 
is   now  being  doubled. 

Manf^anifcrous  Ores, — The  manganese  ores  of  the  United  State-^ 
may   be   divided    into   the   following   four   classes,  viz: — 
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(i).  Manganese  ore. 
(2).  Manganiferous  iron  ore. 
(3).  Manganiferous  silver  ore. 
(4).  Manganiferous  zinc  ore. 

Of  the  first  class,  the  United  States  has  only  a  very  small  supply* 
The  States  contributing  in   the  year   1901  were: — 

Tons. 

Virginia,   product         ...         7>88i 

Georgia,  product         3»447 

Arkans<is,   product      145 

Other  States 298 


Total      ...   11.77*  tons. 

valued  at  8  dols.  52  cents — or  35s.  6d.  per  ton.  From  abroad,, 
chiefly  from  Russia,  Brazil,  British  East  Indies  and  Cuba,  the 
United  States  imported,  in    1900,  256,252  tons  of  this   class  of  ore. 

More  important  to  the  iron  industry  is  the  second  class,  the 
manganiferous  iron  ore,  of  which  3/7,577  tons  were  mined  in 
Lake  Superior  district.  The  value  per  ton  of  these  ores  was 
estimated   at    lis.    5id. 

Manganiferous  silver  ores  raised  in  Colorado  amounted  in  1900  to- 
188,509   tons,   value    19s.    lod.   per  ton. 

New  Jersey  produced  in  the  same  year  87,110  tons  of  man- 
ganiferous zinc  ore,  or  residuum,  which  Mr.  Birkinbinc  estimates 
to  be  worth    is.  8d.  per   ton. 

The  total  quantity  of  manganiferous  ores  of  all  classes  mined 
in  the  United  States  during  1900  was,  therefore,  664,967  tons,, 
having   an   average   value  of   13s.   per  ton. 

The  largest  producers  of  manganiferous  metals  arc  the  Carnegie 
Steel  Company,  Pittsburg,  Pa.,  the  Cambria  Steel  Company,  Johns- 
town, Pa.,  the  Pennsylvania  Steel  Company,  Harrisburg,  Pa.,  Mark 
Ar   Hannah,  Cleveland,  O.,  and  others. 


CHAPTER  HK 

Transportation  and  Handling  of  Iron  Ore. 

IN;  a  previous  chapter  we  have  seen  how  the  Lake  Superior  district^, 
remote  from  the  industrial  centres,  is  producing  75  per  cent,  of  the 
ore  mined  in  the  United  States.  The  remaining  25  per  cent,  is 
mostly  mined  for  local  consumption.  Transportation  of  this  ore  is 
simply  a  matter  of  hauling  it  in  cars  of  the  regular  railway  equip- 
ment for  a  distance  of  a  certain  number  of  miles.  The  cost  of  such  trans- 
portation may  be  said  to  average  from  oi5d.  up  to  o'5d.  per  ton-mile^ 
The  lower  figure  comes  nearer  the  average  price,  as  may  be  judged 
from  the  fact  that  during  1900,  the  average  charge  made  by  the 
Pennsylvania  Railroad  Company  for  all  classes  of  freight,  from 
explosive  and  furniture  to  sand  and  ore,  was  0*47  cents,  or  0'24d.  per 
ton-mile. 
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The  manner  in  which  the  Americans  have  succeeded  in  transporting 
the  product  of  the  Lake  Superior  mines  over  the  distance  separating 
them  from  the  industrial  centres  at  a  cost  enabling  the  iron  manu- 
facturers to  compete,  and  not  only  undersell  manufacturers  using  local 
ores,  but  also  to  export  their  product  at  a  profit  to  foreign  lands  across 
the  ocean,  is  one  of  the  great  achievements  of  American  enginecrin*^ 
bearing  on  the  production  of  iron. 

The  20,000,000  tons  of  Lake  Superior  ore  are,  during  the  shipping 
season,  hauled  from  the  different  ranges  to  the  most  convenient  shipping 
ports  ;  the  names  of  these  ports  and  the  approximate  distance  from  the 
ranges  are  given  in  Chapter  H.  For  the  transport  are  utilised  the 
ordinary  American  30-ton  hopper-bottom  cars,  which,  however,  now  are 
being  rapidly  replaced  by  50-ton  steel  cars. 

The  ore  trains  are  run  directly  on  to  docks  or  piers,  in  which  arc 
built  self-emptying  pockets  for  storing  the  ore.  The  bottom  doors  of 
the  cars  are  then  opened,  and  the  ore  is  transferred  by  gravity  into  the 
pockets. 

As  we  in  England  have  our  "  Lake  Superior  district "  in  Scan- 
dinavia and  Spain,  where  shipping  facilities  of  better  order  must 
be  provided,  I  here  briefly  describe  one  of  the  larger  ore  docks — 
that  of  the  Great  Northern  Railway,  in  the  harbour  of  West 
Superior. 

The  dock  has  a  capacity  of  40,000  tons  of  ore.  Its  construction 
is  clearly  shown  by  the  accompanying  illustrations,  Figs,  i  and  2. 

It  measures  1,500  ft.  in  length,  63  ft.  10  in.  in  width,  and  73  ft.  10  in. 
in  height  from  the  water  level  to  the  top  of  the  rail.  The  pier» 
or,  as  it  is  called,  dock,  consists  of  two  rows  of  pockets  each  having 
a  capacity  of  250  tons  of  ore.  This  dock  was  built  in  the  spring 
of  1900,  and  was  placed  in  operation  in  the  early  summer  of  that 
year.     It  is  an  excellent  example  of  timber  work  design. 

A  steamer  of  from  5,000  to  7,500  tons  may  be  loaded  from  the 
pockets  of  the  dock  inside  of  a  couple  of  hours,  the  trimming  being 
done  by  raising  or  lowering  the  ore  spouts  as  required. 

The  typical  lake  steamer,  shown  by  Fig.  3  is  a  unique  modem 
construction,  admirably  evolved  to  meet  the  by  leaps  and  bounds 
increasing  traffic  of  the  great  inland  seas.  The  depth  of  water  available 
is  only  20  ft.,  and  even  at  this  draft,  the  steamers  often  run  aground,, 
when  persistent  winds  have  driven  the  water  towards  one  end  of  the 
oblong  lakes.  The  shipping  season  is  short,  closing  early  in  winter. 
Labour  is  scarce  and  dear.  Therefore,  the  motto,  "  Time  is  money," 
applies  more  directly  and  forcibly  to  shipping  on  the  Great  I^ikes  thau 
to  most  branches  of  human  industry. 

The  boats  are  flat  bottomed,  with  strong  longitudinal  and  trans- 
verse keelsons  and  double  skin.  The  sides  are  i>erpendicular  and 
strongly  braced.  The  steel  deck  is  supported  by  a  continuous  line 
of  central  stanchions,  and  is  perforated  by  as  large  a  number  of 
hatches  as  the  length  of  the  ship  i)ermits.  These  hatches  measure 
uniformly  8  ft.  fore  and  aft,  and  are  spaced  24  ft.  centre  to  centre,, 
in  order  to  correspond  with  the  discharging  machiner}-.  The  length 
athwart  ship  depends  on  the  beam,  but  is  generally  32  ft.  The 
triple   expansion  engines,  with   their   two   Scotch   boilers,  arc  housed 
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close  to  the  stern.  The  pilot  house,  with  officers'  and  crew  s  quarters, 
is  well  forward  of  the  foremast.  The  rig'ging,  consistinjj  of  one,  t\vi» 
or  three  pole  masts,  is  purely,  though  questionably,  ornamental. 
With  its  flush  deck,  without  a  vestige  of  run  or  sheer,  its  blunt 
stem,  and  unsightly  hatch  combings,  the  ship  gives  the  impression  of 
a  pontoon,  but,  nevertheless,  this  type  is  proving  entirely  seaworthy 
and  practical. 

All  the  Work  on  the  lake  boats  is  done  by  capstans  and  wind- 
lasses. The  steering  apparatus  is  worked  by  steam.  The  speed  of 
the  boats  probably  averages  from  9  to  12  knots.  But  it  is  especially 
in  port  that  their  wonderful  time-saving  capacity  is  demonstrated. 
At   the   Upper  Lake   docks,  the   ore  descends   in  continuous  streamry 
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through  all  of  the  ten,  twelve,  or  fourteen  hatches,  loading  the  ship 
in  a  remarkably  short  space  of  time.  There  is  a  record  that  a 
5,000-ton  boat  was  once  loaded  in  20  minutes,  but,  generally,  from 
two  to  four  hours  arc  required,  as  the  cargo  must  be  trimmed,  and 
as  the  ship  must  be  moved  from  one  set  of  pockets  to  another.  As 
soon  as  the  loading  line  touches  the  water,  the  ship  is  backed  out 
from  the  dock,  the  hatches  are  screwed  down,  and  the  return  trip  is 
begun,  without  steam  ever  having  been  blown  off.  It  is  not  unusual 
that  the  return  trip  up  the  lakes  can  be  made  in  eight  day.s. 
About  67  per  cent,  of  the  steamers  go  up  the  lakes  in  ballast ;  the 
remainder  are  mostly  carrying  cargoes  of  coal,  for  whicn  the  freight 
charge  during  1900  was  is.  5^d.  per  ton  to  Upper  Lake  ix)rts,  and  2s  6d. 
per  ton  to  Milwaukee  or  Chicago.  The  steamers  are  often  made  to  tow 
so-called  consorts,  which  are  simply  barges  fitted  with  small  auxiliary 
engines  and  winches.  The  carrying  capacity  of  the  consort  is  often 
greater  than  that  of  the  steamer  itself. 
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A  spool-shaped  model,  known  as  a  "  whale  back,"  was  greatly  in 
favour  a  few  years  ago,  but  has  now  been  abandoned,  as  it  did  not 
prove  the  claim  of  cheap  construction  and  operating  cost  made  by 
its  promoters.  The  whale  backs  are,  however,  recognised  as  entirely 
seaworthy. 

The  size  of  the  ore  boats  has,  during  the  last  few  years,  been 
gradually  increased,  until  the  climax  was  reached  in  the  John  \\\ 
Gates,  measuring  498  ft.  in  length,  52  ft.  in  width,  and  30  ft.  in 
moulded  depth.  This  steamer,  on  a  draft  of  20  ft,  will  carry  8,339 
tons.  This  year  a  reaction  has  set  in,  most  shippers  now  preferring 
5,000-ton  boats.  This  size  is  convenient  to  load  with  two  kinds  of 
ore,  and  delivers  quantities  easily  handled  at  the  furnace.  The 
ilimensions  of  such  a  boat  would  be  346  ft.  keel,  48  ft.  beam,  and 
28  ft.  moulded  depth.  The  triple  expansion  engines  measure 
22-in.  high  pressure  cylinder,  35  in.  intermediate,  and  58-in.  low 
pressure  cylinder,  with  a  stroke  of  40  in.  A  steam  pressure  of  180  lbs. 
would  be  carried  in  two  Scotch  boilers,  having  a  diameter  of  13  ft, 
2  in.,  with  a  length  of  11^  ft.  The  Howden  forced  draught  system 
is  generally  in  use. 

On  arrival  in  the  Lower  Lake  port,  the  steamers  are  placed  under  a 
battery  of  unloading  machines. 

The  credit  for  the  evolution  of  this  class  of  machinery  belongs 
to  Alex.  K.  Ikown,  vice-i)resident  of  the  Brown  Hoisting  Machinery 
Company  at  Cleveland,  Ohio,  who,  in  1880,  first  designed  and 
put  in  operation  his  so-called  bridge  tramways,  and  who  afterwards 
has  continued  to  devote  himself  to  the  improvement  and  invention  of 
new  machinery,  with  the  result  that  during  the  year  1899,  95  |^r 
cent,  of  all  the  ore  and  coal  tonnage  of  the  Great  Lakes  was  handled 
by  ]kown's  unloading  machines.  There  are  two  principal  types  of 
these   machines,  viz. : — 

(i.)  The  fast  plant  for  unloading  from  .*^hip  directly  to  railway  cars. 

(2.)  The  bridge  tramwa\'  for  unloading  from  ship  into  storage.  The 
latter  txpc  can,  however,  also  be  used  as  a  fast  plant  for  direct 
trans-shipment. 

The  Brown  fast  plant,  as  shown  by  1^'ig,  5,  consists  of  a  track, 
with  trollc)'  susi)cnded  from  a  steel  frame  on  wheels,  and  cover- 
ing, as  the  case  may  be,  two,  three,  four,  or  up  to  .seven  railway  tracks. 
The  frame  also  supports  steam  or  electric  hoi.sting  machinery.  The 
trolley  carries  an  automatic  dumping  bucket  of  one  ton  capacity, 
which  is  lowered  into  the  shij)  through  the  hatch,  unhooked  from 
the  hoisting  machine,  and  filled  with  ore  by  hand  shovels,  while  a 
previously  filled  bucket  is  hooked  on  to  the  hoist  and  raised,  moved 
along  the  suspended  track,  dumped  with  mathematical  precision 
over  the  car,  and  returned  to  the  hold  of  the  vc.s.sel.  Each  machine, 
as  a  rule,  works  three  buckets,  and  keeps  employed  seven  shovellers 
for  each  hatch.  To  avoid  collision  with  the  masts  and  rigging  of  the 
ship,  the  overhanging  part  of  the  suspended  , trolley  track  is  hinged, 
and  can  be  drawn  up  into  vertical  position.  The  round  trip  is  made 
in  45  .seconds.     The  velocities  reached  are  : — 

For  hoisting,  300  ft.  per  minute. 
For  travel,  1,200  ft.  j)cr  minute. 
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The  feature  of  the  Brown  machine  is  that  the  bucket  tips  auto- 
matically on  reaching^  a  certain  point  of  the  track,  and  also  that  the 
vertical  motion  automatically  changes  into  horizontal,  and  becomes 
greatly  accelerated.  All  details  are  also  executed  with  the  greatest 
care  and  ingenuity. 

During  my  visit,  I  timed  a  battery  of  12  fast  plants  at  work 
cleaning  out  the  last  remnants  of  a  cargo.  During  20  minutes,  the 
plant  of  12  machines  averaged  13  one-ton  buckets  per  minute,  though 
the  shovellers  were  unable  to  keep  pace  with  the  machines.  Had  there 
been  more  ore  in  the  hold  at  the  time,  the  speed  would  have  been 
even  greater.  The  cost  of  a  Brown  fast  plant,  with  a  capacity  of 
about  40  tons  per  hour,  varies  from  £2,000  to  ;^2,500. 

For  storage  of  ore  another»form  of  the  Brown  machine  is  used,  shown 
by  Fig.  6,  the  so-called  bridge  tramway.  In  this  machine  the  track  is 
longer — in  some  cases  and  for  special  purposes,  as  long  as  563  ft.  The 
hoisting  machiner\'  and  principle  are  otherwise  the  same  as  those  of  the 
fast  plant.  The  bridge  tramway  runs  on  wheels,  and  can  be  moved 
along  the  pier  either  by  hand  power  or  by  machinery.  The  cost  of 
a  bridge  tramway  is  from  ;^2,soo  upwards,  according  to  the  length 
and  capacity.  Between  400  and  500  Brown  unloading  machines  are 
now  in  operation  on  the  Great  Lakes. 

The  Brown  machines  are  generally  worked  in  sets  of  four,  that 
is,  one  steam  boiler  serves  four  machines.  To  handle  160  tons  ot 
ore  per  hour  from  the  hold  of  the  boat  on  to  car  or  storage  place, 
therefore,  requires  five  men,  viz.,  four  operators  and  one  fireman. 
One  ton  of  coal  will  suffice  to  handle  1,000  tons  of  ore.  If  elec- 
tricity is  used  for  motive  power,  the  services  of  the  fireman  are 
dispensed  with,  and  the  cranes  can  be  economically  operated  as 
single  machines. 

Recently,  the  liulctt  automatic  unloading  machine  has  been 
introduced  in  some  of  the  larger  lake  ports.  The  machines,  as 
erected  for  the  Carnegie  Steel  Company  at  their  docks  at 
Conneaut,  O.,  were  built  by  the  Webster,  Camp  &  Lane  Company,  of 
Akron,  Ohio,  and  are  illustrated  by  Fig.  7.  The  machine  consists 
of  a  structural  steel  frame  mounted  on  16  wheels,  running  on  four 
lOO-lb.  X  rails.  The  span  of  the  frame  is  about  70  ft.,  with  a  canti- 
lever of  30  ft.  The  top  of  the  main  girders  of  the  frame  forms  a 
track  on  which  a  trolley,  carrying  a  ponderous  walking  beam,  travels. 
On  the  rear  end  of  this  beam  is  resting  a  steam  hydraulic  intcnsifier 
or  accumulator.  On  the  opposite  forward  end  is  trunnioned  a 
depending  steel  leg.  The  steel  leg  is  guided  near  the  top  b\' 
equalising  beams,  so  that  it  always  remains  in  a  vertical  position, 
Ati  the  bottom  end  of  the  leg  is  attached  a  two-part  clam-shell 
bucket  of  10  tons  capacity.  This  bucket  is  opened  and  closed  by 
a  hydraulic  cylinder  mounted  on  the  depending  leg.  It  is  rotated 
in  a  complete  circle  by  another  hydraulic  cylinder  placed  in  the 
same  leg.  The  bucket  when  open  has  a  length  of  21  ft.,  and,  having 
an  eccentric  motion,  it  has  a  reach  under  the  deck  of  the  boat  of 
13  ft.  from  the  centre  of  the  hatch  in  any  direction.  The  power  for 
the  machine  is  furnished  by  a  1 50-h.p.  loco,  type  boiler,  carr>'ing 
a  steam  pressure  of    175   lbs.     The  hydraulic   plant  is  worked  under 
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a  pressure  of  i,ooo  lbs.  per  square  in.     The  nalliing  beam  is  moved 
up  and  down  by  a   hydraulic   cylinder   by   means  of  a  cable  atlach- 
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leg  immediately  above  the  bucket,  and  descends  into  the  hold  of  the 
boat  with  the  machine.  All  the  motions  of  rotating,  opening,  and 
closing  the  bucket,  and  of  tilting  and  racking  the  walking  beam  are 
controlled  by  this  operator.  In  addition  to  this  machinery,  the  un- 
loader  is  provided  with  a  winding  engine  which  moves  it  up  and 
down  the  dock  from  one  hatch  of  the  boat  to  another.  It  also 
operates  a  car  mounted  on  the  lower  flange  of  the  main  girder,  which 
receives  the  ore  from  the  lo-ton  bucket,  and  delivers  it  into  the  rail- 
road cars  on  either  of  the  four  tracks  running  under  the  main  frame 
of  the  machine. 

At  Conneaut,  there  are  four  of  these  machines,  each  having  its 
separate  track  for  the  supply  of  empty  cars.  To  operate  the  unloader 
are  required  : — 

I  Operator  at 

I  Pump  man       ...         ...         ...         ...  „ 

I  Car  operator  ...         ...         ...         ...  „ 

I   Fireman  ...  „ 

With  this  crew,  an  average  quantity  of  2co  tons  per  machine  per  hour 
can  be  unloaded,  and  record  runs  of  300  tons  per  hour  per  machine 
have  frequently  been  made.  As  the  grab  bucket  works  too  rough]}' 
to  come  in  contact  with  the  frame  of  the  ship,  it  has  been  found 
advisable  to  remove  with  the  Hulett  unloader  only  75  per  cent,  of 
the  cargo.  The  remaining  25  per  cent,  is  handled  by  Brown  fast 
plants  in  the  manner  described  above.  The  cost  of  unloading  a 
ton  of  ore  with  the  Hulett  machine  is  ^d.  The  cost  of  handling  the 
25  per  cent,  by  means  of  the  hoisting  machines  and  hand  shovels 
may  be  estimated  at  about  8d.  to  gd,  per  ton.  The  average  cost  of 
unloading  and  placing  on  wagons  a  cargo  of  ore  with  the  best 
machinery  now  available  is  therefore,  according  to  data  given  by  the 
\yebstcr,  Camp  &  Lane  Company's  engineer,  3d.  per  ton.  When 
considering  this  price,  the  great  saving  effected  by  the  ability  to 
handle  a  cargo  of  from  6,000  to  7,000  tons  in  one  day  must  be  borne 
in  mind. 

During  m\'  visit  to  Conneaut  1  saw  a  steamer  arriving  in  the 
morning  with  a  cargo  of  6,700  tons  of  ore  leave  the  same  evening  \r\ 
ballast  for  the  Upper  Lakes. 

Railway  Transport. — The  American  so-called  "  ore  roads  "  have 
within  the  last  decade  done  their  best  to  handle  in  an  economical 
manner  the  enormous  and  growing  mineral  traffic  which  passes  over 
their  lines  near  the  industrial  centres.  Leading  amongst  them  in  this 
respect  stands  the  Pittsburg,  Bessemer  and  Lake  Erie  Road,  now 
controlled  by  the  United  States  Steel  Corporation.  This  road  forms 
one  of  the  most  important  links  in  the  machinery  for  the  modem 
manufacture  of  iron,  and  I  therefore  feel  justified  in  giving  it  and 
its  equipment  a  special  description. 

The  line  extends  from  the  harbour  of  Conneaut.  O.,  located  within 
a  couple  of  miles  of  the  point  where  the  boundary  between  Penn- 
sylvania and  Ohio  reaches  Lake  Erie,  to  North  Bes.semer  Station  on 
the  Union  Railroad  of  the  Carnegie  Company.  The  distance  between 
the  terminals  is   131    miles,  the  road    traversing  a  hilly  and  difficult 
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country.  The  steepest  grade  on  the  line  is  40  ft.  to  the  mile,  the 
sharpest  curve  has  650  ft.  radius.  The  road,  which  is  single  tracked, 
is  laid  with  lOO-lb.  rails  6  in.  high,  with  flanges  6  in.  wide  ;  the  rails 
are  30  and  33  ft.  in  length,  and  are  supported  by  14  oak  sleepers  to 
each  30-ft.  rail.  The  sleepers  measure  8  ft.  6  in.  in  length,  7  in.  thick, 
and  not  less  than  8  in.  in  width.  The  permanent  way  is  ballasted 
with  blast  furnace  slag.  The  cost  of  the  line  is  calculated  at  about 
;^7,200  per  mile,  bridges  and  stations  not  included. 

The  port  of  Conneaut,  which  is  controlled  by  the  Railway  Company, 
is  well  protected  against  the  winds  of  the  stormy  lake.  For  unloading 
it  is  equipped  with  the  following  machinery,  viz. : — 

4  Hulett  automatic  unloaders. 
1 2  Fast  plants — Brown  system. 
10  Bridge  tramways — Brown  system. 
I  Coal  tipple. 

From  this  port  are  despatched  during  the  season,  from  12  to  14  ore 
trains  per  day.  The  heaviest  weight  of  train  has  been  2,404  tons,  the 
net  weight  of  the  ore  amounting  to  1,849  tons.  The  percentage  of  dead 
weight  hauled  (tare)  was,  therefore,  2308  per  cent.  The  average  weight 
of  ore  carried  by  each  train  during  the  season  is,  however,  only  1,024 
tons,  but  the  percentage  of  dead  weight  is  in  each  case  the  same. 
In  one  month  (August,  1901)  there  were  handled  over  the  road  729,280 
tons  of  freight,  out  of  which  550,404  consisted  of  ore.  The  charge 
made  to  outside  customers  for  taking  one  ton  of  ore  out  of  the  hold 
of  the  vessel,  transporting  it  to  Pittsburg,  and  delivering  it  on  the 
furnace  trestle  was,  during  the  year  1901,4s.  i  id.,  from  which  price 
must  be  deducted  lod.  for  dock  handling  and  y^d,  per  ton  for  shifting 
charge  in  Pittsburg,  making  the  net  price  charged  to  outsiders  for  the 
131  miles,  3s.  5 id.  per  ton.  As  to  the  actual  cost  of  ore  transportation, 
this  figure  has  been  given  me  in  confidence,  and  cannot,  therefore, 
be  repeated,  but  I  feel  justified  in  quoting  from  a  statement  made  in 
print  by  the  Railroad  Gazette  giving  profit  per  train-mile  on  various 
ore  roads,  viz.  : — 
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Profit  per  train-mile— Pittsburg,  Bessemer  and  Lake  Erie  Railroad  5*38 

„                „            Chesapeake  and  Ohio  Railroad        vyi 

„                „            NewVorkCentral  and  Hudson  River  Railroad  184 

,,                „             Erie  Railroad     ..  1*47 

These  figures  arc  fully  borne  out  by  the  marvellously  low  costs  given 
me  by  unquestioned  authorities. 

Equipment, — The  reader  will  recognise  the  noteworthy  fact  that 
the  dead  weight  of  an  ore  train  on  this  road  amounts  to  23*08  per 
cent,  of  the  freight  carried.  This  result  has  been  attained  by  the 
introduction  of  the  50-ton  steel  car.  These  cars  are  built  of  three 
general  types  represented  by  Figs.  8,  9  and  10,  viz. : — 

(i)  The  pressed  steel  car,  manufactured  under  the  patents  of 
Mr.  Schoen,  by  the  Pressed  Steel  Car  Company,  with  head-quarters  in 
Pittsburg.  It  was  in  1897  that  this  company  turned  out  their  first 
car.  The  practicability  of  the  new  design  was  then  gravely  doubted, 
even  by  railway  men.     At  this   writing  the  company  are  turning  out 
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jo-ton  steel  cars  at  the  rate  of  1 18  per  day,  consuming  for  the  same 
from  i,5co  to  3,000  tons  of  material,  and  have  in  the  four  short  years 
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-'--  ft. 

Sft. 

9  ft.  6  in. 

45  (let,frce.<. 

937  cub.  ft. 

-'9.C00  lbs. 

424  AMERICAN.  INDUSTRIAL  CONDITIONS. 

The  car  is  built  of  plates  in  no  instance  less  than  J-in.  thick.  If 
painted  once  every  three  years,  the  prevailing  impression  is  that  the 
life  of  the  car  will  be  at  least  45  years,  as  compared  with  1 5  years  repre- 
senting the  average  life  of  the  wooden  car.  The  pressed  steel  car  on 
the  P.  B.  &  L.  E.  Road  is  equipped  with  Tower  automatic  couplers, 
Westinghouse  air  brakes,  pressed  steel  diamond  trucks,  with  oi>en- 
hearth  steel  axles  having  journals  5  J  in.  diameter  x  10  in.  in  length, 
and  special  chilled  33-in.  wheels,  each  weighing  650  lbs.  The  bearings 
are  of  nickel  bronze.  The  cost  of  a  50-ton  ore  car  as  above  described 
is  about  $1,050,  or  ^216. 

The  draw-gear  is  of  the  Westinghouse  friction  type  for  freight 
cars.  The  cars  arc  permitted  to  travel  over  the  railway  lines 
carrying  an  overweight  of  10  per  cent. 

(2.)  The  structural  steel  car,  as  manufactured  by  the  American 
Car  and  Foundry  Company,  the  Cambria  Steel  Company  (Pennsyl- 
vania Railroad  Company),  and  others.  In  general  equipment  the 
structural  car  is  very  similar  to  the  pressed  steel  car.  Fig.  9  shows 
a  50-ton  ore  gondola  of  steel,  built  by  the  Cambria  Steel  Company. 

The  body  of  this  car  weighs  I9,H9  lbs.,  the  trucks  14,575  lbs.  ;  total 
weight  of  car  33,724  lbs. 

(3.)  The  Stcrlingworth  car,  shown  by  Fig.  10,  is  built  of  rolled  shapes. 
principally  channels  and  flats.  For  this  car  the  makers  claim  that  it 
is  stronger  and  lighter  than  any  car  of  the  same  capacity  now  being 
manufactured.     The  car  weighs  28,500  lbs. 

The  advantages  gained  by  the  introduction  of  large  capacity 
cars    arc,  briefly    stated  : — 

(i  The  reduction  of  50  per  cent,  in  dead  weight  of  train,  as 
compared   with   carrying  capacity. 

(2)  Reduced   number  of  cars  required. 

(3)  Reduced   friction   and  atmospheric   resistance. 

(4)  Shorter  train  length. 

o'  Greater  traffic  ca[)acity  of  the  main  line,  and  especially  of 
sidings   and   terminals. 

(6)  Reduced  swilchinLT  service. 

(7 )  Reduced   paxments   for  car  mileage   and    inspection. 
:S}   Reduced    cost   of  repairs. 

(9;   Reduction    in   number    of  [)arts   pertaining  to  each  car. 

lOj  (ireater   durability  and    longer  life  of  cars. 
A    hopper  car    of     100,000    lbs.   net,     107,180    lbs.    gro.ss    capacity 
built   accorditiLT  to   the    three   svstcms   above   described,   weighs  : — 

lbs. 
Pressed    Steel    Car  ('<)nij)any     Penns\lvania  R.R.  pattern)      29,000 
The  Cambria  .Steel  Coin[)iMiy    (flat-bottom   gondola)        ...      33.724 
The   Stcrlingworth   Car  ...  ...  ...  ...  ...      28,500 

It  is  diflkult  to  L;i\t«  an  o[)inion  of  the  advantages  of  each  ot 
the  above  three  types.  Suflice  it  to  say,  that  all  have  proven 
themselves  eiitin^lx  pr.utieahk',  that  the  difference  in  percentage  of 
dead  weight  to  lo.id  is  j^raetieallv  none,  and  that  they  all  arc 
economical    in    unlo.ulini:. 


\ 
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On   the   Pittsbui^,  licsscmcr   and   Lake  Erie  Road,  three  styles  of 
locomotives  are  cmplovcd,  viz  :— 

Type  " A "— ■•  The  Higgest  of  All"— Fig.   11. 
Type  "B" — ^"Consolidation"  type — Fig.    12. 


Co.,  o 


Type  "C" — "Mogul"  type — I-'ig.    13. 

The  first  is  used  only  for  niovin;,'  the  freight  trains  up  the  heavy 
grades  from  Conncinit  to  the  receiving  station  at  Albion.  The 
locomotives  of  ClasSj"'H,'"  are  those  generally  used  for  moving  the 
trains    from    Albion   to   the   southern    terminal     at    North    l!c> 


riG.  13,— Class  "C."— "M(x;itL"  Type. 

I)  13.— STANHAMI*   LCMOMOTIVF.S   IN    UsB    OS    PlTTiB 

AND  Lake  Erie  Kailrdad. 
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Class  "  C  "  are  used  for  pushers   and   yard   work.      The   table   below 
gives   the  respective  principal  dimensions  of  the  three  classes,   viz : — 


Class  **A.'' 

Class  '*B." 

Class  **C.*' 

VJnU^C          •••                •••                •«• 

4  ft.  Sh  in. 

4  ft.  S\  in. 

4  ft.  84  in. 

Diameter  of  cylinders  ... 

24  in.  " 

22  in. 

20  in. 

Stroke 

32  in. 

28  in. 

26  in. 

Number  of  drivers 

ft 

8 

6 

Diameter  of  drivers      .. 

54  in. 

54  in. 

56  in. 

Number  of  bogie  wheels 

2 

2 

2 

Wheel  base       

15ft.  7  in. 

15ft.  4  in. 

14  ft. 

Wheel  base  total 

24  It.  4  in. 

23  ft    8  in. 

22  ft.  5  in. 

Base  of  engine  and  tender 

58  ft. 

? 

• 

? 

Weight  on  drivers 

225,200  lbs. 

159,200  lbs. 

1 29,000  lbs. 

Total  weight  without  tender 

^50,300    M 

173,200  „ 

146,750     n 

Weight    of  tender    with    coal 

and  water       

•  •• 

i34,ooQ  „ 

70,000  „ 

80,000     „ 

Grand  total  weight 

•  •• 

384,300  „ 

243,200  „ 

226,750    „ 

Tank  capacity 

•  •  • 

7,500  galls. 

5,000  galls. 

4,000  galls. 

Heating  surface 

•  •  • 

3,«o5  sq.  ft. 

5 

• 

• 

Between  them,  these  three  classes  of  locomotives  represent  as 
powerful  and  economical  an  equipment  of  freight  movers  as  can  be 
found  on  any  railroad  now  in  existence. 

Traffic  Arrangement, — Trains  are  made  up  at  Conncaut,  each 
composed  of  35  cars.  This  load  is  hauled  up  the  steep  gradients 
to  the  yards  at  Albion  Station,  four  miles  distant,  by  one  heavy 
locomotive  of  Class  "  A."  At  Albion,  the  cars  arc  redistributed, 
each  train  consisting  of  38  cars  being  drawn  by  a  locomotive  of 
Class  "  B/*  A  single  engine  suffices  to  pull  this  train  for  a  distance 
of  92  out  of  the  131  miles,  but  for  the  remaining  39  miles  of  heavy 
up-grades,  a  pusher  engine  is  attached  behind  the  train.  The  trip  of 
131  train-miles,  however,  only  requires  148  locomotive-miles,  as  the 
same  pusher  is  aiding  a  number  of  trains  up  the  grade  at  which  it 
is  stationed.  The  time  generally  consumed  for  the  journey  is^  ij 
to   14  hours. 

The  crew  of  an  ore  train  consists  of: — 


s. 

d. 

Engineer       at 

16 

8 

per 

da 

Fireman        „ 

10 

10 

» 

»l 

Conductor     „ 

12 

6 

»> 

M 

Flagman        „ 

8 

4 

• 

» 

Brakesman    „ 

/ 

1 1 

>» 

» 

When  on  duty  in  the  yard,  the  men  receive  50  per  cent,  over-pay 
for  time  in  excess  of  12  hours  per  day.  On  the  line,  100  miles* 
run  constitutes  one  day's  work. 

Twenty-five  i)er   cent   of  the  ore   trains   return    loaded   with  coal 
for  shipment  to  the   Upper  Lake  ports  ;  the  remaining   75   per  cent. 
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are  sent  back  empty.      In  addition   to  the    heavy    ore   traffic,  three 
passenger  trains  are  run  daily  in  each  direction. 

For  efficiency  and  economical  traffic  arrangements  this  road  easily 
takes  the  lead  of  all  mineral  railways  in  the  world,  and  it  unquestionably 
owes  its  existence  and  organisation  to  the  far-sightedness  and  genius 
of  Andrew  Carnegie. 

The  other  ore  carriers,  though  crippled  by  not  controlling  so  large 
a  share  of  the  ore-carrying  business,  and  by  having  to  cater  to  other 
lines  of  trade,  and  to  a  greater  amount  of  passenger  traffic,  are 
all  shaping  on  the  same  lines,  and  using  the  same  expedients  for 
cheapening  and  promoting  their  mineral  traffic. 


CHAPTER    IV. 

Mineral  Blast  Furnace  Fuel  and  Flux. 

There  were  mined  in  the  United  States  during  the  year  1900 
189,744,565  tons  of  bituminous  coal,  and  of  anthracite  coal  51,221,353 
tons,  making  a  total  of  240,659,918  tons.  Besides,  there  were  used  as 
fuel  large  quantities  of  mineral  oil  and  natural  gas. 

For  blast  furnaces  and  foundries  were  made  20,533,348  tons  of 
coke,  and,  in  addition,  three-quarters  of  a  million  tons,  more  or  less,  of 
anthracite  coal   were  used  in   the   blast   furnaces   of  the   east. 

The  best  cokintr  coal  is  found  in  Western  Pennsylvania  and  West 
Virginia.  Coke,  thous^h  not  so  ^ood,  is  also  largely  made  in  Virginia, 
Tennessee,  and  especially  in  Alabama.  Anthracite  is  mined  exclusively 
in  Central  Pcnns\'lvania  around  the  head  waters  of  the  Schuylkill, 
Lehigh  and  Lackawanna  Rivers,  and  east  of  the  Susquehanna 
Valley.  The  principal  cokinj^  coal  regions  are  indicated  on  map 
(Frontispiece). 

Coke  burns  fast,  and  is,  therefore,  a  preferable  fuel  for  iron 
making.  Anthracite,  on  the  other  hand,  is  purer.  It  burns  so 
slowl)\  however, .  that  it  is  nowadays  seldom  used,  except  with  an 
admixture  of  coke. 

Half,  and  by  far  the  best  half,  of  the  blast  furnace  coke  is  pro- 
duced in  the  Connellsville  region,  a  mining  field  located  about  50 
miles  cast  of  Pittsburg,  whence  fuel  is  shipped  to  furnaces  as  far 
we.st  as  Chicago.  The  production  of  Connellsville  coke  in  1900  was 
9,076,900  long  tons.  Almost  equal  to  Connellsville  coke  is  that  of 
the  Pocahontas  region  in  West  Virginia,  whence  fuel  is  supplied  to 
furnaces  in  Eastern  Pennsylvania,  Maryland,  Virginia,  West  Vii^inia 
and  Ohio.  The  southern  coke  is  higher  in  ash  and  sulphur,  and 
softer  than  those  described  above.      The  greater  part   of  it   is   made 
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in  Alabama,  principally  in  the  district   around    Birmingham.      Below 
are  given  representative  analyses  of — 


Carbon    ... 
Ash 

Sulphur  ... 
Phosphorus 


Anthracite. 

8600 
7-00 
•68 
'003 

Connellsville  Coke. 
85-00 

IO*0O 

•010 

Alabama  Coke  from 

Washed 
Coal. 

83*00 

14'ob 

•96 

Unwashed 
Coal. 

•  •  • 

•  •• 

•  •  • 

•  •  « 

82-00 
15*00 

1-63 

Coke   is   also   produced     from    the   coal    mined  on   the   slopes    of 
the    Allegheny   Mountains    in    Western    Pennsylvania.     When    made 
in   beehive   or  retort  ovens,  this  coke    is  soft   and   generally  high    in 
sulphur.     The  advent  of  the  by-product  retort  ovens  has,  however,  made 
it  possible,  by  deposition  of  carbon  from  the  dissociated  hydrocarbons, 
to  produce  coke  from  this  *'  mountain  coal,"  which,  for  instance,  at  the 
Cambria  Works,  is  indiscriminately  used  in  the  blast  furnace,  together* 
with  Connellsville  coke,  volume  for  volume.     The   mountain   coke   is 
somewhat   higher   in  carbon   than    that    from   Cojinellsville.      At   the 
Maryland    Steel    Works  of  Sparrows    Point,   Maryland,  the    Lebanon 
Furnaces,  and  at  the  Lackawanna    Company's  new  plant  at   Buffalo, 
large    installations    of    by-product    ovens    are    now    being    built    for 
the  purpose    of  coking  Pennsylvania    mountain    coal.      The  types  of 
ovens  used  are  almost  exclusively  Otto-Hoffman   and    Semet-Solvay. 
The  coal  is  crushed  and  washed  at  the  mines,  and  is  then  shipped  to- 
the  coke  ovens,  which  are   located   close  to   the  iron  works.     In   this 
way,   the    serious     deterioration    of    the   fuel    by    transport    and    re- 
handling  is  avoided.     It  is  also  recognised  that  the  by-product  ovea 
produces  from  12  to  15  per  cent,  more  coke  from  a  ton  of  coal  than 
is    done    in    the   older   and   still    universally   employed    ovens   of    the- 
beehive  and  retort  type. 

In  America,  coke  is  mostly  shipped  from  the  ovens  to  the 
works  in  covered  wagons  to  protect  it  from  moisture.  It  is  not 
unusual  to  find  coke  containing  less  than  i  per  cent,  of  moisture,, 
and  more  than  2  per  cent,  of  water  will  call  forth  a  protest  and 
deduction  from  the  weight  to  be  paid  for.  A  modern  type  of  coke 
wagon,    built    by   the    Pressed    Steel    Car    Company,    is    shown    by 

Fig.  14. 

The  supply  of  coal  in  America  is  practically  inexhaustible.  It 
is  true  that  some  specialists  estimate  that  the  Connellsville  basin 
may,  at  the  recent  rate  of  production,  be  exhausted  in  about  half 
a  century,  but  large  tracts  in  Western  Pennsylvania,  in  West  Virginia 
and  Alabama,  not  to  mention  other  mining  districts,  are  underlaid 
by  two  or  more  workable  seams  of  coal,  which  will  require  centuries 
to  exhaust ;  besides,  coal  is  from  year  to  year  discovered  at  points 
in  the  (from  the  iron  maker's  point  of  view)  unexplored  States  to* 
the  west  of  the  Mississippi. 
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""■^As  furnaces  arc  now  bcintj  built  in  the  Upi)er  Lake  region,  prepar- 
ations lire  bcinfj  iTitit'e  for  shipping  coke  and  coal  to  the  same  by  the 
returninji    ore    steamers.      Coal     is    also    carried    up    the    lakes    for 


stcaniinL;  piirpns.--  Ti-r  laki.-  craft,  initius  ami  manufacturing  plants. 
The  aaU.  like  ihn^e  mined  \n  \\aie-,  siilVer  b\-  breakage,  and  ai-c. 
therefore,  loa-leil  by  means  i.f  a  car  tipple,  views  <if  which  cffwtive 
inachino  arc  nho\Mi  in  I-il^s.  15  ami  K: 
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The  tipple  consists  of  a  hinged  platform  on  which  the  loaded  car  can 
be  clamped  by  means  of  hooks  worked  by  hydraulic  or  electric  power. 
When  the  loaded  car  is  thus  secured,  a  cover  containing  six  hoppers, 
with  trap  doors  for  bottoms,  descends  over  the  top  of  the  car. 
Platform,  car  and  cover  are  now  overturned,  until  the  coals  gentl}* 
slide  out  of  the  car  into  the  hoppers  of  the  cover,  which  at  the 
same  time  enter  into  six  corresponding  transfer  boxes  placed  on  a 
car  standing  alongside  of  the  dumping  machine.  When  the  filled 
hoppers  touch  the  bottom  of  the  transfer  boxes,  they  open  auto- 
matically, and  as  the  cover  with  the  now  empty  car  and  platform 
is  withdrawn,  the  coal  is  left  in  the  transfer  boxes  practically  without 
drop,  shock  or  abrasion. 

The  car  with  the  filled  boxes  is  moved  by  an  endless  rope  to  a 
position  under  the  loading  cranes,  and  another  car  carrying  empty 
transfer  boxes  is  placed  at  the  car  tipple. 

The  coal  car  is  in  the  meantime  returned  into  its  original 
position,  the  cover  is  raised,  and  the  hooks  are  lifted.  The  car  is 
now  empty  and  free  to  move. 

The  tipple  is  built  at  such  a  level  that  the  approaches  from 
both  ends  rapidly  slope  away  from  the  machine.  On  the  receiving 
side,  a  narrow-gauge  track  is  placed  inside  of  the  standard  gauge 
one,  ending  in  a  pit  at  the  foot  of  the  slope.  Into  this  pit  descends 
a  push-car,  or  so-called  **  ground-hog,"  operated  by  a  winding 
engine  and  wire  rope.  On  the  far  side  of  the  pit,  the  tracks 
of  the  receiving  yard  rise  sufficiently  to  let  the  loaded  coal  cars 
run  by  gravity  past  the  pit.  When,  now,  a  car  has  passed  over  the 
Ijround  hog,  this  is  pulled  out  of  the  pit,  carrying  the  coal  car 
ahead  of  it,  until  the  car  mounts  the  platform,  and  pushes  the 
empty  car  standing  there  ahead  of  it  on  to  the  down  grade  track 
on  the  delivery  side  of  the  tipple,  whence  it  reaches  the  yard  where 
the  trains  of  empties  are  being  made  up. 

As  the  transfer  boxes  are  being  filled,  they  arc  handled  by  two 
or  more  loading  cranes,  consisting  of  a  girder  supported  by  a  frame 
on  wheels  running  along  the  quay.  The  girder  can  be  moved  in 
and  out  at  right  angles  to  the  dock,  so  as  to  overhang  and  command 
the  hatches  of  the  ship.  To  the  girder  is  attached  the  hoisting 
trolley,  which  lifts  the  boxes,  runs  them  out  over  the  shij),  and 
lowers  them  through  the  hatches  until  they  strike  against  the 
bottom  of  the  ship  or  the  cargo  placed  in  it,  when  their  bottoms 
automatically  open,  leaving  the  coal  in  the  hold. 

For  coal  suffering  by  breakage,  this  method  is  of  great  value, 
for  it  is  both  exjxrditious  and  cheap.  Ten  men  working  one  tipple 
and  two  transfer  cranes  will  transfer  in  one  day  of  10  hours 
4,000  tons  of  coal  out  of  cars  into  the  hold  of  the  ship.  The 
machine  described  and  illustrated  was  invented  by  Mr.  Alex.  K. 
Brown.  A  number  of  them  have  been  built  by  the  Ikown  Hoisting 
Machinery  Company,  of  Cleveland,  Ohio.  One  machine  with  its 
two  cranes  is  said  to  cost  about  ^"  12,000,  erected  on  the  lake 
front  ready  for  operation. 

Crude  coal  oil  is  far  more  frequently  used  in  America  in  connec- 
tion with  blast  furnace  work,  than  is  the  case    in    (ireat    Hritain.     If 

F  F 
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the  furnace  slips,  and  the  slap^  notch  or  iron  tap,  or  tuyeres  are  filled 
and  lo-it,  tlu:  American  mana<jer  immediately  resorts  to  the  blow- 
pipe. .\  tank  containing  crude  oil  is  cither  attached  to  the  upper 
part  of  the  furnace,  or  oil  is  beinjj  forced  by  a  pump  to  enter  the 
blou-pipe  at  a  certain  pressure.  The  blow-pipe  consists  of  a  piece 
t^r"  :-[::.  pipe,  connected  with  the  hot  blast  main  of  the  furnace.  In 
tlx*  ccfurc.  inside  of  the  same,  is  run  a  i-in.  pipe  connected  with 
rl>c  «m!  >u;jply.  Hy  rijj^htly  re<:julatin«^  the  flow  of  hot  blast  and  oil, 
a  r1a::ic  «n*  tho  most  intense  temperature  is  produced  at  the  end  of 
tlx'  [jitv^.  uliich  will  rapidly  cut  through  the  mixture  of  slag  and 
•:•  ii  c!'/s:iiL^  the  aj^erture  to  be  opened.  The  blow-pipe  is  a  time 
<»i.x*:\    i:d  vi  tViciKl  of  the  blast  furnaccman  in  trouble. 

r'.  /.i.v,;  Jfcitt'r:\i/s. — The  American  ores  arc,  almost  without 
v:\s:v. VIA :;.  silicious.  Hasic  flux  must,  therefore,  be  added.  Limestone 
of  ^ovv!  quality  is  abundant  in  most  of  the  manufacturing  districts. 
IVi.'iv.to  i-^  also  to  be  found  in  numerous  deposits.  The  American 
S.*o:  'uriMoo  manai^cr  as  a  rule  cmpkns  magnesia,  together  with 
'.  ■.:v.  :o  lorni  slag.  It  enables  him  to  carry  a  more  basic  slag. 
,;^  :>.o  ir.oItin;^-pt»int  of  a  three-base  silicate  is  lower  than  that  of 
a  :'.w-:\ise  one.  Hy  this  practice  a  better  control  of  .sulphur  is  also 
^!ai-.r.cvi.  The  fluxing  stone  is  alwa\s  crushed  to  about  2  in.  mesh. 
kt>:aiiiiL;  crushers  of  the  Gates  type  are  largely  used  at  the 
v;uarri«*s.  l''ine  crushing  causes  the  flux  to  present  a  larger  surface 
iv^  rlie  action  of  the  fuel,  and  hastens  the  expulsion  of  carbonic  acid 
which,  if  c.irried  to  the  lower  zones  of  the  stack,  would  be  apt  to 
ivMixl  the  work   of  the   furnace. 

The  only  instance  known  to  me  where  no  flux  is  u.sed  is  at  a 
certain  furnace  plant  in  Alabama,  where  a  silicious  and  basic  ore 
a:e  blenJed   in  such   j)roj)()rtions  as   to   form  a  self-fluxing  mixture. 

\\  hen  speaking  of  flux,  it  may  be  proper  to  state  that  several 
\;:iv'!:van  furnace  managers  unite  in  the  assertion  that  it  is  necessarv 
iv'i  :e;^u!ar  furnace  working  to  |)roduce  not  less  than  8  cwts.  of  slag 
\-:  ^'.u!i  ton  of  iron  made.  I'nlcss  this  cpiantity  is  obtained,  the 
'L."\u-."  luiw  •' drw"  and  its  working  becomes  irregular.  For  that 
■vi^'.-\  i:  is  claimed  that  no  material  advantage  is  gained  when  the 
^  .*.'  "  \iuie  in  the  furnace  runs  above  57  per  cent.  The  pure  Lake 
^»iv.^  '^ v'^  in  iron  are  therefore  mi.xed  with  ores  of  lower  grade,  so 
i:>.v.    ".  \-  v.vcc^sarv   amount  of  slag  can   be   made. 


CHAITKR    V. 

LiHration  of  the  Furnace  Plants. 

ii  'he  map  ^Frontispiece)  will  show  the  principal  iron-mining 
evl  by  BB,  and  the  furnace  plants,  indicated  by 
.ivvl  (^  for  two  or  more  furnaces  working.  Only  the 
iivMi  October  1st,  1901,  are  marked  on  this  map. 
■^  au*  marked  thus — XXXK  •  anthracite  fields  thus - 
v^  '  i'^  slunvs  clearly  how  a  supply  of  local  fuel  and 
..   XV  :>  ,;:c  characteristic  of  the  plants  in  certain  localities. 
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The  furnaces  of  the  Lake  front  will  be  found  grouped  around 
the  great  cities  and  railway  centres — Chicago,  Cleveland,  and  Buffalo 
— from  which  the  product  can  be  readily  distributed,  where  labour  is 
plentiful,  and  where  ore  and  coke  can  be  assembled  at  cheap 
through  rates,  and  with  a  minimum  of  rehandling.  Those  furnaces 
which  a  few  years  ago  were  built  at  the  upper  end  of  the  Great 
Lakes  are  not  in  operation.  They  are  too  far  from  fuel  and  market 
to  work  profitably.  The  proximity  of  the  ore  does  not  sufficiently 
improve  their  position  to  enable  them  to  compete  with  plants  in 
a  more  central  situation. 

Leaving  the  Lake  shore,  the  eye  naturally  rests  on  the  dense 
group  of  furnaces  located  around  Youngtown,  O.,  in  the  Mahoning 
and  Shenango  Valleys.  The  majority  of  these  furnaces  are  inde- 
pendent or  "  merchant  furnaces,"  selling  a  product  of  pig-iron. 
This  location  is  chosen  because,  while  it  is  yet  near  the  Lake 
ports,  Pittsburg,  the  principal  market  for  the  iron,  and  Connellsville, 
the  source  of  the  coke  supply,  are  appreciably  nearer  than  they 
are  to  the  furnaces  on   the  Lake  shore. 

The  cluster  of  furnaces  around  Wheeling  and  in  the  Hanging 
Rock  district  has  approached  still  nearer  to  its  fuel,  West  Virginia 
and  Connellsville,  and  to  its  market,  Pittsburg  and  Ohio  and  the 
Mississippi  River  Valley. 

Pittsburg,  the  iron  capital,  is  also  located  on  the  same  great 
highway — the  navigable  rivers  which  traverse  the  continent.  Taking 
advantage  of  the  excellent  mineral  fuel  supply,  as  well  as  of  natural 
gas  and  oil  close  at  hand,  it  has  created  its  own  busy  market,  and 
is  now  stretching  its  tentacles  of  trade  and  making  itself  felt  to  the 
remotest  parts  of  the  world  wherever  iron  or  steel  is  used  or 
bought.  Enterprise,  skill  and  experience,  ample  capital,  and  diversity 
of  manufactures  have  given  Pittsburg  an  advantage  and  lead  as  an 
iron-making  centre  which,  within  the  next  generation,  no  other  place 
will  contest. 

At  the  scattered  furnaces  to  the  east  of  the  Alleghenies,  new  influ- 
ences are  brought  to  bear.  P^oreign  o.*-e  is  imported,  together  with  Lake 
Superior  ore,  and  both  are  used  as  admixture  to  the  local  ores,  or  do 
at  times  wholly  take  their  place.  F*uel  is  drawn  from  Connellsville, 
from  the  Pocahantas  region  of  West  Virginia,  and  from  the  anthracite 
field  of  Eastern  Pennsylvania,  The  home  market  of  the  densely 
populated  country  studded  with  the  manufacturing  cities,  the  con- 
venient highways  of  the  neighbouring  sea,  together  with  abundant  and 
intelligent  labour  are  the  considerations  which  justify  a  permanent 
iron  industry  in  this  part  of  the  country,  though  the  cost  of  iron  at  the 
eastern  furnaces  always  stands  higher  than  in  Pittsburg  and  in  the 
west.  In  this  district  are  also  located  numerous  furnace  plants,  which 
probably  never  will  be  relighted,  on  account  of  their  distance  from  the 
fuel  supply.  The  small  deposits  of  local  ore  which  caused  the  furnaces 
to  be  constructed  do  not  give  them  sufficient  advantage  to  ofT-set  the 
long  transport  of  fuel. 

In  the  south,  the  remarkable  combination  of  fuel,  ore  and  flux,  all 
to  be  found  within  a  radius  of  two  or  three  miles,  creates  especially 
favourable  conditions,  which  makes  it  possible  to  seek  at  a  distance 
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markets  which  the  surrounding  country  is  not  yet  sufficiently  developed 
to  supply.  As  this  promising  section  of  the  country  grows  and  develo|>s, 
it  will  gradually  consume  a  greater  and  greater  portion  of  its  locally 
produced  iron,  and  will  thereby  give  the  iron  industry  incrcase<l 
stability,  prosperity  and  development. 

All  the  furnaces  of  the  eastern  part  of  the  United  States  can  be 
referred  to  one  or  other  of  the  groups,  the  conditions  of  which  have 
been  outlined  above.  Isolated  from  them  all  by  a  distance  of  more 
than  1,000  miles  .stands  the  group  of  Colorado  furnaces  at  I'ueblo. 
These  have  a  monopoly  on  their  own  raw  material.s,  fuel,  ores  and  flux, 
and  are  al.so  privileged  in  their  own  market  in  the  far  west  and 
on  the  Pacific  slope. 

A  general  tendency  is  noticed  to  locate  new  enterprises  either  along 
the  Lake  front,  i)refcrably  near  the  large  railway  centres,  or  in  the 
valleys  of  the  ()hio  and  its  tributaries.  The  practice  also  prevails  to 
reduce  cost  of  manufacture  by  combining  iron  and  steel  plants,  and  by 
converting  the  metal  taken  direct  in  liquid  form  from  the  furnace. 
The  advantage  obtained  by  this  method  is  considered  sufficient 
to  justify  great  expenditure.  At  the  works  of  the  Carnegie  Steel 
Company,  at  Homestead,  and  of  Messrs.  Jones  &  Laughlin,  in  Pitts- 
burg, the  furnace  plants  are  located  on  the  northern  shore  of  the 
Monongahela  River.  Ponderous  bridges  have  been  thrown  across  the 
waterway,  over  which  the  hot  metal  trains  cross  from  the  blast  fur- 
naces to  the  steel  works.  The  bridges,  which  are  of  .steel,  are,  of  course, 
thoroughlx-  protected  from  damage  by  firebrick  linings,  should  the 
molten  metal  break  through  the  ladles  or  a  wreck  occur. 


CHAPTER     \T. 

Blast  Furnace  Plants. 

l^N  (October  ist,  U)Oi,  the  following  number  of  coke  and  anthracite 
furnaces  were  running  in  the  Cnited  States,  given  by  States  and 
ilistricts,  as  reported  to  the  American  Iron  and  Steel  Association, 
viz.  :-  - 

No.  in  blast. 


l.iK^ition  of  luinaocs. 

iVt.  ISI, 

liX)I. 

Now  York 

•  •  • 

...     4 

Total  for  New  York    ... 

New  Jersey 

•  •  • 

« • .        .X 

Spiej^el 

■ 

..     New  Jersey... 

l'enn>\Kani;i  : 

I.ehijih  \  alley 

.   .    14 

.*^pieJ;<.l 

...       I 

S.-huylkill  Wdley 

.   -    10 

Ipper  Su>quchann 

...       1 

Lower 

...      (> 

Spiei;el 

1 

I  elvinon  \'al!ey 

...       1 

I'iushury   nisTrict 

-       30 

Spicjiel 

...       1 

S'lenanjjo  \"ai!ey 

...    14 
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No.  in  blast. 
Location  of  furnaces.            Oct  ist  1901. 
Pennsylvania  [continufd) : 
Western  Pennsylvania       ...  13 
Spiegel       I 


Maryland  

Wheeling  District  .  ... 
Ohio: 

Mahoning  Valley    ... 

Central  and  Northern 

Hanging  Rock 

Illinois 

Spiegel 

Minnesota         

Wisconsin  

Missouri 
Colorado 
Spiegel 

The  South  : 

Virginia         

Kentucky 

Alabama 

Tennessee 

Georgia         

North  Carolina 

Total  ... 


4 
8 

»3 

13 

9 

16 
I 

o 

3 
o 

I 

I 


.   14 

.     4 
22 

.  "8 

.     o 

o 

22 1 


Total  for  Pennsylvania 
Maryland     ... 
West  Virginia 


>» 


»» 


» 


» 


f> 


93 

4 
8 


»» 


>» 


»» 


J? 


» 


Ohio  ... 


35 


Illinois 

i? 

Wisconsin    ... 

3 

Colorado 

2 

The  South 


Total 


48 
221 


The  total  output  from  these  furnaces  per  week  is  estimated  at  300,538. 
tons  ;  at  the  same  time  89  furnaces,  considered  in  good  working  order, 
and  with  an  estimated  output  of  54,823  tons,  were  idle. 

More  than  50  per  cent,  of  the  blast  furnace  plants  in  operation 
in  1892  have  since  then  been  blown  out  and  abandoned  never  again 
to  be  rekindled.  Their  places  have  been  taken  by  a  smaller  number 
of  giant  furnaces  of  the  modern  type,  equipped  regardless  of  cost, 
but  with  the  strictest  eye  to  economy  and  efficiency  of  operation. 
The  cost  of  one  modern  American  furnace  was,  in  no  case  where 
I  could  ascertain  it,  given  as  less  than  ;^i6o,ooo,  but  in  other  cases 
there  have  been  spent  on  one  furnace  stack  and  equipment  ;£^300,ooo. 
This  sum,  of  course,  includes  all  the  necessary  plant  for  taking  care 
of  slag,  transporting  molten  metal  to  the  steel  works,  storing  ore,  and 
doing  minor  repairs  around  the  furnace.  The  considerations  which 
have  dictated  the  location  of  modern  furnaces  have  previously  been 
touched  uix)n.  To  those  mentioned  above  might  be  added  a  fifth 
factor,  viz.,  water  supply.  A  modern  blast  furnace  of  the  type  now 
built  in  America  requires  from  three  to  five  million  gallons  of  water 
per  24  hours,  and  in  order  not  to  ruin  the  furnace  equipment  this 
water  should  be  soft  and  as  free  as  possible  from  impurities,  especially 
from  acids  and  carbonate  of  lime. 

The  nearness  to  fuel  and  market  has  attracted  to  Pittsburg  the 
grandest  aggregation  of  iron  smelting  furnaces  ever  constructed. 

Furnace  Stacks, — Plate  II,,  P*igs.  i — 12,  shows  the  inside  lines  of 
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twelve   furnaces   selected   as    representative.      The   following    general 
rules  are   observed   in    the   determination    of  these  lines  : — 

(i)  Height — It   is   conceded    that    the   higher  the    furnace  is  the 
more  economically  it  will  work.     The  limitations  are  determined  by  : — 

{a)   Blast   pressure  available. 

{b)    Mechanical   strength   of  the   fuel. 

(r)    Reducibility   of  the   ore. 

Thirty  pounds  per  sq.  in.  is  considered  sufficient  maximum  blast  pressure 
for  a  furnace  105  ft.  high,  the  average  working  pressure  being  from 
16  to  22  lbs.  Connellsville  coke  will  support  a  column  of  burden 
95  ft.  high,  Alabama  coke  a  column  70  ft.  high,  while  anthracite  has 
not  hitherto  been  tested  in  columns  higher  than  65  ft. — all  above 
the  tuyere  line.  Where  large  quantities  of  Mesaba  and  other  easily- 
reducible  ores  arc  used,  it  has  been  considered  advisable  to  reduce 
the  height  of  the  modern  furnace  from  105  to  90  ft.,  or  even  80  ft. 
(2)  Hearth  Diameter, — The  diameter  of  the  hearth  is  determined — 

{(i)    By   the   amount   of  blast   available. 

{b)    By  the  percentage  of  silicon  which   the  iron  is  intended 
to  contain. 

Furnaces  producing  foundry  iron  are  being  built  narrower  in  the 
hearth.  The  largest  hearth  diameter  yet  employed  is  16 ft.,  but  thelarge 
Buffalo  furnaces  of  the  Lackawanna  Steel  Company,  now  building,  arc  to 
be  given  a  hearth  diameter  of  17  ft.  Furnaces  using  from  50,000 
to  6o,GOO  atmospheric  cubic  ft.  of  blast  per  minute  usually  have  a 
hearth  diameter  of  14  to  15  ft.;  40,000  to  45,000  cubic  ft.  of  blast 
corresponds  to  a  hearth  diameter  of  from  12  to  13  ft.;  34,000  to 
38,000  cubic  ft.  justify  an  ii  ft.  hearth;  and  from  25,000  to  30.000 
cubic  ft.,  a  10  ft.  to  10  ft.  6  in.  hearth.  These  figures  are  taken 
from  actual    practice. 

Tuyeres  are  invariably  placed  in  one  plane  from  7  ft.  to  10  ft. 
above  the  level  of  the  tap  hole.  The  general  rule  for  determining 
the  number  of  tuyeres  is,  approximate!)',  one  tu\'ere  for  every  foot  of 
hearth  diameter.  The  diameter  of  tuyeres  varies  from  7  in.  to  4^  in., 
and  is  often  changed  to  obtain  different  working  of  the  furnace.  A 
smaller  tuyere  will  drive  the  blast  farther  into  the  furnace  ;  a  larger 
tuyere  will  pass  a  greater  volume  of  blast  up  along  the  bosh  walls. 
The  slag  notch  is  placed  about  3  ft.  to  3  ft.  6  in.  below  the  tuyere 
plane.  A  well  for  iron,  12  in.  to  15  in.  in  depth,  is  formed  below  the 
level  of  the  tapping  hole.  This  well  will  constantly  stand  filled  with 
liquid  metal,  which  protects  the  hearth  brick,  and  tends  to  minimise 
sudden  changes  of  composition  of  the  iron. 

(3)  Bosh, — The  bosh  area  is  often  made  from  225  to  2*50  times 
larger  than  the  hearth  area.  The  height  of  bosh  in  modern  furnaces 
varies  from  8  ft.  to  1 5  ft.  The  more  easily  reducible  and  the  finer 
the  ore,  the  lower  the  bosh  is  built.  The  angle  of  the  bosh  walls, 
which  in  the  past  has  been  considered  a  matter  of  great  imi>ortance, 
is  left  entirely  without  consideration.  The  American  blast  furnace- 
man   reasons   that   the  object  of  the   bosh   is  to  prevent   the  column 
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of  unreduced  stock  from  dropping  in  front  of  the  tuyeres.  If  th6 
bosh  is  too  high,  unreduced  material  will  come  down  below  the  top 
of  the  same,  in  which  case  a  wedging  action  sets  in,  and  the  furnace 
is  likely  to  hang.  If,  again,  the  bosh  is  too  low,  the  zone  of  fusion 
may  come  above  the  bosh  walls  and  the  column  will  descend 
irregularly.  It  has  been  proven  that,  as  a  rule,  the  zone  of  fusion 
is  located  far  lower  in  the  furnace,  and  nearer  to  the  tuyeres, 
than  has  in  the  past  been  supposed  to  be  the  case.  If  easily 
reduced  ores,  and  ample  volume  of  blast  are  to  be  had,  8  ft.  above 
the  tuyeres  has,  therefore,  proven  an  entirely  sufficient  height  for  the 
bosh.  An  example  of  such  a  low  bosh  is  shown  by  Fig.  8,  Plate 
II.  This  furnace  has  just  been  blown  out  after  a  most  successful 
campaign.  Fig.  9,  Plate  II.,  shows  the  most  recent  furnace  built  by 
the  same  company.  It  was  explained  to  me  that  the  height  of 
the  bosh  had  been  increased,  as  it  had  been  demonstrated  that  a 
very  low  bosh  added  to  the  necessary  blast  pressure.  It  is,  there- 
fore, the  most  recent  practice  to  build  the  furnace  boshes  from  12 
to  15  ft.  high  above  the  tuyere  lines,  the  lower  figure  being  for  finer, 
the  higher  for  coarser  ore. 

(4)  Shaft. — The  shaft  of  the  furnace  is  generally  built  as  one 
straight  frustrum.  It  is  claimed  that  with  this  construction,  the  most 
uniform  descent  of  the  stock  will  take  place.  The  incline  of  the 
walls  of  the  furnace  stack  vary  from  3  to  100  to  4  to  100  out  of 
the  perpendicular  It  is  generally  conceded  that  a  narrow  top 
increases  the  coke  economy.  The  considerations  which  limit  the 
diameter  are  (i)  the  velocity  of  upgoing  gases,  which,  if  made  too 
great,  would  cause  excessive  quantities  of  dust  to  be  carried  out  of 
the  furnace,  and  {2)  the  practicability  of  handling  a  fairly  large 
charge  on  the  bell.  As  a  rule  the  stock  line  varies  from  17  ft.  to 
12  ft.  6  in.  The  bells  arc  invariably  of  the  ordinary  Parry  type. 
Diameter  of  bell  is  from  3  ft.  6  in.  to  5  ft.  less  than  that  of  the 
stock  line.  An  average  is  probably  :  Diameter  of  bell  4  ft.  less  than 
diameter  of  stock  line.  With  rapid  driving,  furnace  managers 
incline  to  the  use  of  several  gas  out-takes  joining  outside  the 
furnace  into  one  or  two  downcomers.  It  is  claimed  that  if  only 
one  downcomer  is  provided,  the  flow  of  gas  rushing  towards  the 
same  will,  when  meeting  the  descending  stock,  carry  away  sufficient 
ore  and  coke  dust  to  change  the  working  of  the  furnace  on  the 
side    nearest    the    downcomer. 

(5)  Coiist7'uction. — The  foundation  of  the  furnace  is  made  to  rest 
on  rock  or  equally  reliable  material.  If  necessary,  deep  piling  is 
resorted  to.  The  foundation  under  the  columns  is  generally  built  io 
concrete  capped  by  red  brick  in  cement.  A  large  ring  of  heavy 
cast-iron  plates  or  girders  is  placed  under  the  furnace  columns. 
The  columns  vary  in  number,  from  6  to  10,  and  are  carried  up  to 
the  top  of  the  bosh  or  above  this  line.  The  lintel  plate  on  top 
of  the  columns  is  either  built  of  structural  steel  or  of  heavy  steel 
castings.  On  top  of  the  same  rests  the  plate  shell  of  the  furnace, 
which  in  a  modern  furnace  is  made  with  double  riveted  vertical 
and  horizontal  seams,  the  bottom  course  of  plates  being  about  J  in. 
to  \  in.    thick  ;    the    upper    courses    are    gradually    reduced    to  ^  in. 
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The  hopper  is  bolted  to  the  furnace  shell  or  to  solid  brackets 
attached  to  the  same.  Heavy  brackets  also  carry  the  supports  for 
the  hoist  and  top  gear. 

The  hearth  is  protected  by  heavy  cast-iron  plates  from  4  in. 
to  6  in.  thick,  or  by  steel  jackets  reaching  down  from  2  ft*  6  in.  to 
4  ft  below  the  hearth  level.  In  some  cases,  the  entire  hearth  is 
built  in  a  box  of  1  j  in.  steel  plate  resting  on  a  number  of  parallel 
joists  of  cast  iron  or  steel.  The  tuyeres  are  carried  in  a  belt  of 
cast  iron  or  steel  collars,  all  joints  between  the  collars,  coolers  and 
tuyeres  being  metallic  and  machined.  The  bosh  is  protected  by 
rows  of  bronze  cooling  plates,  between  which  are  placed  strong 
horizontal  steel  bands  for  holding  the  brickwork.  From  8  to  ii 
rows  of  cooling  plates  are  generally  placed  in  the  furnace.  Many 
of  the  smaller  furnaces  arc  equipped  with  a  jacket  of  steel  plate 
sprayed  on  the  outside  to  protect  the  thin  brick  lining.  The 
hearth  is  built  of  brick  blocks ;  it  measures  generally  6  ft  in 
depth.  The  blocks  are  cither  tapered,  so  as  to  form  inverted 
spherical  segments,  or  made  with  hooks  attaching  each  brick  to  its 
neighbour.  The  hearth  well,  bosh  and  shaft  are  generally  built  of 
bricks  2^  in.  to  3  in.  thick,  4^  in.  to  6  in.  wide,  and  9  in.  and  13^  in. 
long.  The  composition  of  a  generally  liked  furnace  brick  is  shown 
by  the   following   analysis  : — 

Per  cent. 

Silica  ...  ...         ...   .  52"62 

Alumina  ...         ...     40*61 

Sesquioxide  of  iron...       3*69 

Lime    ...         ...         •..         '68 

Magnesia        75 

For  the  top  part  of  the  furnace  shaft,  special  bricks  a:e  made,  either 
of  potter's  clay,  or  of  vcr}'  finely  ground  fire-clay,  the  theory  being 
that  the  furnace  gases  will  penetrate  into  the  interstices  in  a  permeable 
brick  depositing  carbon,  which  in  due  time  will  cause  the  brick  to 
crumble.  Special  care  is  taken  to  make  the  joints  in  the  brickwork 
as  thin  as  possible.  For  mortar,  nothing  but  liquid  fine  clay  dipped 
up  with  ladles  is  permitted.  Great  care  is  taken  to  get  all  bricks  of 
uniform  thickness.  The  thickness  of  the  walls  ranges,  for  the  hearth,  from 
30  in.  to  4S  in.  ;  for  the  tuyere  belts  from  21  in.  to  27  in. ;  for  bosh  walls» 
when  fitted  with  coolini^  plates,  from  27  in.  to  30  in.,  when  fitted  with 
spraying  jackets,  from  9  in.  to  13  J,  in.  ;  for  the  shaft  walls  from  24  in. 
to  36  in.  To  prevent  iibrasion  from  the  falling  stock,  bricks  of 
white  cast  iron  are  often  built  into  the  walls  of  the  upper  portion 
of  the   shaft  alternately  \n  ith  the  fire-brick. 

The  bustle  pipe  is  placed  outside  of  the  columns,  having  a  separate 
brick-lined  branch  for  each  tuyere.  No  general  hot  blast  valve  is 
provided,  the  blast  being  cut  oflf  at  the  stoves. 

An  automatic  relief  valve  about  1 5  in.  in  diameter  placed  on  top 
of  the  bustle  pipe  will  drop  and  set  the  furnace  in  communication  with 
the  outside  air,  as  soon  as  blast  is  taken  off;  thereby  an  accumulation 
of  explosive  gases  in  the  bustle  pipe  is  prevented.  Around  the  top  are 
often  provided  a   number  of  large  explosion  doors  which  relieve  the 
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shocks  due  to  sudden  slips  or  to  instantaneous  reduction  of  the 
fine  ore.  These  explosion  doors  arc  by  no  means  a  matter  of  form, 
but  are  often  brought  into  play  on  the  high  power  American 
furnaces. 

Julian  Kennedy,  the  well-known  engineer,  of  Pittsburg,  has  recently 
designed  a  furnace  for  tlie  Iroquois  Iron  Company,  near  Chicago,  with 
an  entirely  closed  top,  capable  of  withstanding  a  pressure  of  35  lbs. 
per  sq.  in.  It  is  Mr,  Kennedy's  opinion  that  explosions  are  caused 
by  the  possibility  for  the  gases  to  escape,  whereas  if  sufficient  pressure 
were  opposed  to  the  exit,  the  explosions  would  be  reduced  to  a 
gradual  discharge  through  the  downcomcr.  It  must  be  borne  in  mind, 
however,  that  the  pressure  v.'ill  communicate  itself  to  the  tuyere 
belt  and  bosh,  which  also  must  be  made  sufficiently  strong  to  resist 
the  increased  pressure.  Mr.  Kennedy's  blast  furnace  charging 
apparatus  is  shown  in  Fig.   i?- 


The  tuyeres,  coolers  and  cooling  plates  arc  amongst  the  unique 
features  of  the  American  blast  furnaces.  Without  tuyeres  which  can 
fairly  successfully  resist  the  intense  temperature  and  the  incessant  wash 
of  slag  and   iron,  modern  blast  furnace   practice,   in    the    American 
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sense,  would  be  impessibie.  To  stop  one  of  .these  large  fumlKKd 
once  or  twice  a  day  to  exchange  tuyeres  would  bejfatal  to  its  working. 
Therefore,  great  attention  is  paid  to  the  fini^  and  composition  of 
thpse  pieces  of  machinery.  They  arc  cast  out  of  what  is  pr^tically 
pure  copper.  Several  makers  guarantee  to  furnish,  tuyeres  with  not 
less  than  99^  per  cent,  of  copper.  An  analysis  of  an  Americanl 
tuyere  made  by  the  Best  Manufacturing  Company,  of  Pittsbui^,  Pa^ 
gives:— 

Copper         ...         9971  per  cent 

Tin  ...  23 

Lead  , . .         trace. 

Zinc  ...         trace. 

The  method  of  casting  these  tuyeres  is  a  trade  secret.  Probably  each 
maker  has  his  own  method  and  formula.  Siligon-copper  and  phosphor- 
copper  probably  play  an  important  r6k  in*  making  the  castings  solid. 
Before  leaving  the  shop,  the  tuyeres  are  machined,  tapped  and  furnished 
with  a  pipe  for  leading  the  incoming  water  to  the  nose  of  the  tuyere. 
They  are  then  tested  under  a  hydraulic  pressure  of  100  lbs.  per  sq.  in. 

The  accepted  practice  is  to  place  the  tuyeres  to  reach  9  in.  into  the 
furnace.  The  cooler  is  flush  with  the  in-wall.  Cooling  plates  are  also 
placed  flush  with  the  inside  of  the  bosh,  or  at  most  3  in.  to  6  in.  behind 
the  face  of  the  wall. 

Here  a  warning  against  too  much  cooling  of  a  furnace  bosh  is  in 
order.  Only  with  very  strong  blast  is  it  advisable  to  carry  the  cooling 
plates  to  the  top  of  the  bosh.  Too  much  cooling  will  tend  to  create 
deposits  of  fine  carbon  on  the  bosh  walls.  But  if  powerful  blast 
of  high  temperature  is  used,  cooling  by  water  is  the  only  successful 
method  of  maintaining  the  lines  of  the  lower  part  of  the  furnace. 

Stoves, — The  types  of  stoves  adopted  for  the  American  furnaces 
are  : — 

(i.)  Julian  Kennedy's  Cowpcr  stove,  with  round  openings,  hexagon 
brick,  and  oiic-sidcd  combustion  chamber. 

(2.)  Julian  Kennedy's  Cowper  stove,  with  central  combustion 
chamber,  hexa<(oii  brick  and  round  holes. 

(3.)  McClurc  &  Amsler's  modification  of  the  Massicks  Crooke 
three-pass  stcnc  with  central  combustion  chamber  and  chimney  valve 
on  top. 

(4.)  llartman's  two-chamber  stoves. 

It  is  recognised  that  it  is  not  only  the  number  of  square  feet  of 
heating  surface  which  determines  the  value  of  a  stove,  but  that  also  the 
condition  of  this  heating  surface,  the  mass  of  brickwork  backing  it,  and 
its  accessibility  for  cleaning  and  repair,  make  for  the  eflficiency  of 
the  stove.  The  stove  foundations  are  built  with  the  same  care  as 
those  of  the  furnace  stacks,  and  are  carried  down  to  a  solid  support- 
ing  stratum.  Four  stoves  are  allotted  to  each  furnace  stack.  The  size 
of  the  stoves  is  usually  22  ft.  diameter  by  100  ft.  to  105  ft  high.  The 
casings  are  built  of  heavy  steel  plates,  double  riveted,  the  bottom  courses 
which  receive  the  mountings  measuring  J  in.  or  ^  in.  in  thickness.  The 
upper  courses  are  reduced  to  i  in.  or  f^  in.  The  dome  is  given  a 
spherical   radius  equal   to    the  diameter  of  the   stove.      Opposite  the 
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skew  back  of  the  brick  lining  for  the  dome,  the  shell   is    reinforced 
by  two  outside  steel  bands  riveted  to  the  shell. 

The  gas  valves  are  of  the  Spearman-Kennedy  patent  type,  pulling 
away  from  the  opening  in  the  stove,  which  is  closed  by  a  brick^ined 
sliding  door.  By  this  arrangemfetit  no  air  can  le^  through  the  gas 
valve  when  the  stove  is  on  blast.  The  gas  mains  are  placed  above 
ground,  and  are  provided  with  numerous  dust-catchers,  cleaning  and 
explosion   doors,  to  facilitate  the  i^epiodical  removal  of  dust 

The  hot  blast  valves  are  of  the  mushroom  pattern,  with  hollow 
bronze  stems  and  water  circulation.  They  rest  on  hollow,  removable 
bronze  seats  of  Berg's  patent  type.  The  hot  blast  valves  are  generally 
worked  by  means  of  steam  or  pneumatic  pressure.  The  diameter  of 
hot  blast  valves  varies  from  28  in.  to  36  in.  for  a  large  modern 
furnace. 

The  chimney  valve  for  the  Co wper- Kennedy  stoves  is  of  the  mtish- 
room  pattern,  with  water-cooled  seat  and  often  water-cooled  valve.  For 
the  modified  Massicks  &  Crooke  stove,  a  slide  valve  with  air  cooling 
is  provided  on  top  of  the  dome  of  the  stove  at  the  base  of  the  superim- 
posed chimney.  The  diameter  of  chimney  valves  varies  from  42  in,  to 
54  in.  They  are  ordinarily  worked  by  means  of  steam  or  pneumatic 
pressure.  It  is  considered  preferable  that  each  stove  should  have  its  j 
own  smoke  stack,  but  in  many  cases  an  underground  or  elevated 
smoke  flue  connects  with  one  stack  common  for  the  stoves  of  one 
or  two  furnaces.  This  stack  is  generally  built  about  twice  as  high 
as  the  stoves  which  it  is  serving.  Draught  of  f  in.  water  column  is 
deemed  entirely  sufficient.  The  stacks  are  built  of  steel  plates,  and 
arc  lined  with  fire-brick. 

The  cold  blast  valves  are  of  slide  valve  pattern,  from  26  in.  to 
^6  in.  in  diameter. 

Boilers, — In  regard  to  boilers,  preference  is  divided,  but  the  blast 
furnace  experts  all  agree  that,  unless  the  feed  water  is  so  bad  as  to 
prevent  their  use,  water-tube  boilers  are  the  best  type  for  blast  fur- 
nace work.  In  order  to  create  the  high  blast  pressure  required  for  the 
modern  blast  furnace,  high  pressure  steam,  from  120  to  160  lbs.  per 
sq.  in.,  must  be  generated.  As  pressure  increases,  the  thickness  of 
plate  in  a  flue  or  cylinder  boiler  will  of  necessity  become  so  great 
that  the  heating  surface  afforded  by  it  rapidly  loses  in  value,  while, 
at  the  same  time,  the  cost  of  the  boiler  rapidly  increases. 

When,  in  describing  boilers,  the  term  **  horse  power"  is  used,  it  ■ 
should  be  understood  that,  in  American  practice,  i  boiler  horse 
p>ower  is  the  capacity  of  evaporating  per  hour  30  lbs.  of  water  from 
212°  Fahr.  into  steam  of  80  lbs.  pressure.  For  doing  this  work, 
the  various  makers  of  water-tube  boilers  allow  a  heating  surface  of 
from  10  to  12  sq.  ft.  The  types  of  water-tube  boilers  principally 
employed  are  : — 

(i)  Cahall, — This  boiler,  as  shown  by  F*ig.  18,  consists  of  one  short 
upright  cylinder  forming  a  mud  drum.  The  bottom  sheet  of  the 
same  is  dished.  The  top  or  tube  sheet  is  flat,  and  stayed  to  the 
sides  and  head  of  the  cylinder.  A  similar  cylinder  turned  upside 
down   forms   the   steam    drum.     The  tube  sheets  of  the  two  are  con- 


AMERICAN    INDUSTBIAI.  CONDITIONS. 


t      5 


HLAST   FURNACE   PLANTS'.  445 

nected  by  a  number  of  vertical  water  tubes.     The  whole   structure   is 
enclosed  in   a   chimney-like  brick  setting,  at  one  side  of  which  stands 


the  liberal  >  1   op  i        nbu       n     I     nbc         ^     o       d     pipe  of 

large  dimensions,  connectmg  the  mud   drum   with    the   steam    drum, 
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jpn-ovides  for  the  return"  flow  of  water.  Through  the  centre  of  the 
steam  drum,  a  flue  connects  with  the  superimposed  smoke  stack,  and 
provides  an  escape  for  the  g£ses.  Two  deflecting  plates  in  the  central 
space  between  the  tubes  and  alternate  projections  from  the  surrounding 
walls,  force  the  gases,  which  enter  around  the  bottom  part  of  the  tubes, 
in  and  out  between  these,  until  they  finally  escape  through  the  central 
opening  in  the  steam  drum.  It  is  easy  to  understand  that  the  evapo- 
ration in  the  vertical  tubes  must  be  very  violent,  and  that  a  strong  flow 
of  water  and  steam  will  ascend  into  the  steam  drum.  The  water 
again  returns  through  the  outside  pipe  into  the  mud  drum,  thus 
setting  up  a  very  rapid  circulation.  The  Cahall  boiler  is  accessible, 
a  good  steamer,  and  occupies  very  little  room.  It  is  a  favourite  with 
the  Carnegie  Steel  Company,  who,  at  this  writing,  have  hundreds  of 
these  boilers  in  operation. 

(2)  Wheeler  Vertical  Tube  Boiler, — As  shown  by  Fig.  19,  this 
boiler  consists  of  two  horizontal  cylindrical  mud  drums,  with 
flattened  tops,  the  flat  tops  being  supported  by  crown  bars,  something 
after  the  manner  of  the  crown  sheet  of  a  locomotive  fire-box.  The 
steam  drums  are  similar  to  the  mud  drums  turned  upside  down. 
The  two  are  connected  by  vertical  tubes  expanded  into  the  flat 
side  of  each.  The  top  drums  are  connected  by  necks,  to  two 
horizontal  cylindrical  steam  drums,  and  these  again  by  similar  necks 
to  a  fifth  top  steam  drum.  The  water  line  is  kept  about  1  ft.  6  in. 
above  the  top  of  the  tubes,  so  that  the  three  upper  drums,  which 
are  wholly  surrounded  by  the  escaping  gases,  are  used  entirely  for 
drying  the  steam.  The  brick  setting  surrounding  thiSf  simple  boiler 
is  in  the  form  of  a  square  tower.  The  combustion  chamber  is 
placed  directly  below  the  mud  drums.  Deflecting  arches  of  brick 
force  the  gases  in  and  out  between  the  two  layers  of  tubes.  The 
boiler  is  well  spoken  of  as  bcin<^  accessible,  effective  and  durable, 
and  has  been  rapidly  gaining  ground   in  the  west  and  south. 

(3)  Bahcock  &  Wilcox  Boiler,  Fig.  20,  consists  of  two  horizontal 
longitudinal  steam  drums,  one  transverse  steam  drum  connecting 
these,  a  number  of  so-called  headers  of  pressed  steel  attached  to 
the  ends  of  the  steam  drum  by  expanded  nipples,  and  connected  by 
a  number  of  inclined  4-in.  tubes  ;  below  the  bottom  headers  a  trans- 
verse mud  drum. 

Vertical  deflecting  plates  force  the  gas  to  make  two  or  three 
passages  across  the  tubes.  When  used  for  gas,  this  boiler  is  pro- 
vided with  a  combustion  chamber  placed  below  and  in  front  of  the 
upper  or  front  headers.  As  the  water  becomes  heated,  it  flows 
upward  in  the  inclined  tubes,  enters  the  steam  drum,  where  the 
steam  generated  is  released,  flows  backward  through  the  downward 
legs  into  the  back  header,  whence  it  again  enters  the  inclined  tubes. 
The  boiler  is  well  known  in  Great  Britain,  and  suffice  it  to  say  that 
it  is  a  favourite  with  many  blast  furnacemen  in  America,  and 
largely  employed. 

(4)  Stirling  Boiler. — At  some  of  the  modern  American  furnaces 
is  found  the  Stirling  boiler,  which  is  well  known.  This  boiler  consists 
of  three  transverse  steam  drums  placed  one  in  front  of  the  other,  one 
transverse  mud  drum,  and  three  sets  of  long,  bent  tubes  connecting 
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each  of  the  steam  drums  witli  the  mud  drum.  The  gases  flow 
through  the  nests  of  tubes  at  rif;ht  angles,  and  escape  in  the  rear  of 
the  last  nest.     The  boiler  is  said  to  be  a  very  effective  steam  generator, 


but  many  blast  furnacemen    object  to  the  bent  tubes  on  account  of 
the  diflliculty  of  cleaning  and  replacing  them. 

The  boiler  equipment  for  a  modern  blast  furnace  generally 
consists  of  from  2,000  to  j.ooo-h.p.  of  one  of  the  above-mentioned 
types  of  boilers. 
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For  heating  the  feed  water,  the  favourite  heaters  are: — 
(i)   The  "  Webster  Heater^'   consisting  of  a  square  cast-iron  box 
with  numerous  shelves  down  which  the  feed  water  trickles^  meeting 
in    its  flow   the    exhaust   steam   from    the  engines.      The  heater   is 
provided  with  an  effective  oil  separator,  drains  and  cleaning  doors* 

(2)  The  '^  Berrymaji  Heaterl'  which  consists  of  chambers  for  in 
and  outgoing  exhaust  steam,  connected  by  vertical  U-shaped  brass 
tubes,  which  in  their  order  are  encased  in  a  strong  steel  shell,  inside 
of  which  the  feed  water  circulates  under  pressure.  This  heater  has 
the  advantage  of  keeping  the  feed  water  separated  from  the  exhaust 
steam,  and  from  the  oil  carried  away  with  it. 

(3)  The  *' National  Heater**  which  is  similar  to  the  Berryman, 
except  that  all  the  tubes  are  straight  and  have  their  top  ends 
expanded  into  a  common  cast-iron  box,  through  which  the  steam 
flows  to  reach  to  the  return  tubes. 

(4)  The  ** Cochrane  Heater"  having  corrugated  brass  tubes  connect- 
ing boxes  for  admission  and  delivery  of  the  exhaust  steam.  The 
two  boxes  form  the  heads  of  a  cylindrical  shell  of  steel  plate,  inside 
of  which  the  feed  water  flows  around  the  corrugated  tubes.  The 
corrugations  of  the  tubes  prevent  the  disruption  of  the  heater  from 
unequal  expansion. 

The  Feed  Pumps  are  usually  of  the  Worthington  or  similar  cross- 
compound,  plunger-packed,  brass-lined  pattern,  and  are  often  governed 
by  an  accumulator,  which  checks  the  pump  when  the  pressure  in  the 
feed  water  main  gets  above  its  proper  limit. 

The  Steam  Mains  are  built  of  lap-welded  steel  pipes,  with  welded 
steel  flanges.  All  fittings  are  made  in  steel  castings.  For  expansion 
joints  long  knees  or  bends  are  preferred,  which  ^\\g  the  necessary 
flexibility  or  spring. 


Blowing  Engines. 

The  modern  blowing  engine  was  evolved  as  a  necessity  when 
large  volumes  of  blast  under  a  heavy  pressure  were  demanded  for  the 
running  of  modern  furnaces.  Up  to  a  pressure  of  12  lbs.  per  sq.  in., 
the  old  style  leather  flap  valves  will  stand  fairly  well,  and  in  the 
past  at  most  blast  furnaces  steam  economy  was  not  necessary  in 
order  to  furnish  the  power  required  for  the  furnaces.  The  problem 
of  blast  took  on  a  (liffcrcnt  aspect  when  25  to  30  lbs.  of  pressure  had 
to  be  reached,  whenever  the  furnace  showed  a  tendency  to  hang. 
Nor  was  the  question  of  steam  economy  an  indifferent  one,  when  steel 
plants  generally  became  attached  to  the  furnaces,  in  which  every 
horse-power  spared  from  the  latter  was  a  direct  and  tangible  saving. 

High  pressure  steam,  compound  condensing  engines  and  metallic 
blast  valves,  positive  or  automatic,  then  became  the  main  features  of 
the  blowing  plant  as  we  to-da}-  find  it.  The  engines  are  required  to 
blow  up  to  30  lbs.  blast  pressure  with  steam  at  from  120  to  160  Ibs;, 
and  with  piston  speeds  ranging  from  500  to  700  ft.  per  minute.  They 
are  built  to  run  with  thnHtles  wide  ojx^n,  and  at  uniform  speed, 
controlled    by  automatic  governors.     Central   forced  lubrication  apf)a- 


BLAST  FX'KNACE   PLANTS.  449 

ratus,  superheater  between  the  cylinders  and  independent  condensers 
arc  features  of  the  up-to-date  blowing  engine.  Their  dimensions  are 
ponderous,  and  metal  is  lavishly  put  into  their  base  plates  and  main 
frames.  Bearings,  crank  and  crosshcad  pins  are  reaching  hitherto 
unknown  dimensions.  Pistons  are  built  with  large  bearing  surfaces, 
and  mostly  in  steel  castings.  The  ingenuity  and  skill  of  the  engineer 
has  been  concentrated  on  designing  the  most  efficienty  prompti-acting 
and  durable  valves  for  admitting  and  cutting  off  the  air,  their  purpose 
being  to  produce  an  engine  so  strong  and  ample  in  every  detail,  that 
it  will  run  for  long  periods  without  breakdowns  or  delays  for  repairs  ; 
and  also  that  it  will  run  at  constant  speed  whatever  the  pressure  of 
steam  or  of  the  opposing  blast,  delivering  per  minute  or  per  hour 
the  certain  desired  number  of  atmospheric  cubic  feet  of  air.  The 
successful  solving  of  these  problems  is  the  fundamental  condition  for 
successful  modern  blast  furnace  practice. 

Amongst  the  types  employed  the  following  are  prominent,  viz.  : — 

(i)  The  Vertical  Disconnected  Quap'ter-cr.ink  Compound  Type^s\\o\\Xi 
by  Fig.  21. — This  engine  is  built  by  the  Southwark  Foundry  and 
Machine  Company,  of  Philadelphia,  Pa.,  under  their  patents.  Each 
of  the  high  and  low  pressure  engines  consist  of  two  housings,  the  one 
supporting  the  steam  cylinder,  the  other  the  blowing  tub.  Between  the 
two  runs  a  heavy  crank  shaft  carrying  the  central  flywheel.  The 
steam  valves  are  of  the  Corliss  type.  The  air  valves  are  of  the 
characteristic  Southwark  gridiron  pattern.  The  inlet  valves  are 
worked  positively  from  the  crank  shaft  ;  the  outlet  valves  are  opened 
automatically  by  the  difference  in  blast  pressure  in  the  cylinder  and 
in  the  receiver,  but  are  closed  by  a  positive  mechanism.  The  engines 
illustrated  are  now  running  at  the  Lebanon  furnaces  of  the  Pennsyl- 
vania Steel  Company.  Their  general  dimensions  are  high  pressure 
cylinder  42  in.,  low  pressure  cylinder  80  in.,  blowing  tubs  84  in. 
diameter  ;  all  60-in.  stroke.  The  shaft  measures  21  in.  diameter  ;  main 
bearings  are  20  in.  diameter  by  30  in.  long ;  crank  pins  14  in.  diameter, 
10  in.  long  ;  the  two  crosshead  pin  bearings  of  the  forked  connecting 
rods  are  10  in.  diameter  by  8^  in.  long.  The  flywheel  measures  20  ft.  in 
diameter.  The  weight  of  the  pair  of  engines  is  about  370  tons.  The 
blowing  capacity  is  40,000  cubic  ft.  per  minute,  at  a  speed  of  53  revs. 
The  engines  are  guaranteed,  if  required,  to  run  60  revs.,  but  have  in 
practice  been  run  up  to  70  revs,  without  any  injury  resulting.  The 
advantages  claimed  for  this  type  of  engine  are  : — 

[a)  That  the  maximum  power  is  developed  in  the  steam  cylinder 
at  the  moment  when  the  maximum  resistance  is  experienced  in  the 
blowing  tub. 

{b)  That  both  steam  and  air  cylinders  are  easily  accessible. 

(r)  That  either  engine,  high  or  low  pressure,  can  be  run  independent 
of  the  other,  in  case  of  a  mishap. 

(rf)  That  the  inordinate  height  and  accompanying  vibration  in  the 
steeple  construction  are  avoided. 

{/)  That  the  engine  house  is  reduced  to  more  reasonable 
dimensions. 

The   cost  of  this   engine  delivered  at  builder's  works  in  October, 

I9OI,  was  £i\2,QQO. 

G  G 
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(2)  The  HorisoHlai  Disconnected  Compound  B.'owtHg  Engine  shown  \iif 
Figs.  22  and   23. — This  type  is    also   constructed  by  the  Southwark 
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Lkhancin  Furnaces  (Pennsylvania 
■),  Lkbanon,  Pa, 


Foundry  and  Machine  Company,  of  Philadelphia,  under  their  special 
patents,  and  undoubtedly  represents  much  of  what  is  best  in  blowing 
engine  construction.  The  solid  bedplates,  the  firm  connection  between 
the  cylinders,  the  ponderous  piston  rods  and  heavy  tail  rods,  and  the 
accessible    design    throughout    are   worthy   of   attention.      The  valve 
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motion  is  regulated  by  a  sensitive  centrifugal  governor.  The  crank 
shaft  is  well  supported  by  the  frame  of  the  engine,  and  by  a  heavy 
outboard  pedestal,  between  which  the  flywheel  revolves.  Between  and 
above  the  two  independent  high  and  low  pressure  engines  is  placed 
an  ample  steam  superheater.  The  whole  installation  as  I  saw  it  at 
the  new  blast  furnace  at  Port  Oram  was  most  attractive  and  confidence 
inspiring.  The  general  dimensions  of  this  engine  arc  44-in.  high 
pressure  cylinder,  84-in.  low  pressure  cylinder  and  84-in.  diameter 
blowing  tubs ;  all  60-in.  stroke.  The  crank  shaft  measures  22  in. 
in  diameter;  main  bearings,  21  in.  diameter  by  40  in.  long  ;  outward 
bearing  21  in.  diameter  by  30  in.  long  ;  flywheel  20  ft.  diameter.  The 
crank  pin  measures  16  in.  diameter  by  10  in.  long,  the  cross- 
head  pin  12  in.  diameter,  by  10  in.  long.  The  steam  valves  are 
of  the  flat-faced  double  port  pattern  with  balancing  cover  known  as 
the  Porter- Allen,  One  set  of  valves  control  the  admission,  another 
the  exhaust  of  the  steam.  The  air  valves  are  typical  Southwark 
design  modified  for  horizontal  cylinder.  The  principle  of  these  dis- 
charge valves,  which,  for  obvious  reasons,  cannot  be  published  in 
detail,  is  that  of  a  gridiron  valve  with  multiple  openings.  This  valve 
is  automatically  opened  by  the  difference  in  air  pressure  in  the  cylinder 
and  receiver,  but  is  closed  by  a  positive  mechanical  closing  device.  The 
air  inlet  valves  are  driven  positively  from  an  eccentric. 

(3)  Duplex  Compound  Condensing  Reciprocating  Bloiving  Engine^ 
built  by  Messrs.  William  Tod  &  Company,  of  Youngstovvn,  O. — 
These  engines  are  shown  by  P^ig.  24.  As  will  be  noted,  the  engines 
consist  of  four  housings — two  carrying  the  high  and  low  pressure 
cylinders,  the  two  others  the  blowing  tubs.  One  blowing  tub  and  one 
steam  cylinder  housing  are  attached  to  the  same  bedplate.  In  the 
centre  between  each  pair  of  cylinders  is  placed  a  heavy  rocking  shaft 
supporting  a  walking  beam.  To  the  ends  of  this  latter  are  attached  the 
connecting  rods  for  the  cylinders.  To  a  protruding  arm  on  the  walking 
beams  are  fastened  the  connecting  rods  driving  the  flywheel.  The 
flywheel  shaft  is  placed  at  the  end  of  the  engine,  where  it  is  supported 
by  heavy  pedestals  forming  part  of  the  bedplates.  Engines  of  this  type 
are  in  successful  operation  at  the  United  States  Steel  Corporation's 
furnaces  at  McKeesport,  Pa.  The  valves  for  the  steam  cylinders 
arc  of  the  Corliss  type  governed  by  an  effective  centrifugal  governor. 
The  air  valves  are  shown  by  Fig.  25. 

It  will  be  seen  that  the  inlet  valves  are  of  the  mushroom  type,  20-in. 
diameter.  They  are  fitted  with  dash  pots  for  checking  their  motion, 
and  are  worked  positively  from  the  crank  disc  oscillated  by  an  eccen- 
tric on  the  crank  shaft.  The  outlet  valves  are  of  the  same  type, 
18  in.  diameter,  with  4i-in.  lift.  They  are  closed  by  the  positive 
action  of  the  crank  disc,  but  open  automatically.  They  are  also 
provided  with  dash  pots  to  cushion  their  motion.  I  was  assured 
that  these  cup-like  valves,  made  of  pressed  steel,  stand  the  work 
excellently,  and  that  the  engines  are  giving  perfect  satisfaction.  The 
dimensions  are — 40-in.  high  pressure  cylinder,  76-in.  low  pressure 
cylinder  by  76-in.  diameter  blowing  tubs  by  60-in.  stroke.  The 
opening  through  the  20-in.  air  inlet  valves  is  9  per  cent,  of  the 
cylinder  area  ;    the   opening   of  the  air   outlet   valves   8   per  cent,  of 
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the  cylinder  area.  The  diameter  of  steam  pipes  are : — High  pressure 
steam  lo  in.,  high  pressure  exhaust  14  in.,  low  pressure  steam 
20  in.  and  low  pressure  exhaust  22  in. ;  diameter  of  air  delivery 
24  in.,  diameter  of  superheater  42  in.,  number  of  tubes  in  same 
64 — ij  in.  diameter;  diameter  of  flywheel  24  ft,  weight  of  same 
50  tons  ;  diameter  of  main  shaft  22  in. ;  main  bearings  20  in. 
diameter  by  40  in.  long  ;  beam  bearings  i8i  in.  diameter  by  ^6  in. 
long ;  crank  pins  1 1  in.  diameter  by  9  in.  long ;  walking  beam  pin 
9  in.  diameter  by  9  in.  long  ;  link  pins  for  steam  cylinders  9  in. 
by  9  in. — two  for  each  cylinder  ;  link  pins  for  air  cylinder  13  in.  by 
1 1  in. — one  for  each  cylinder ;  diameter  of  piston  rod  for  steam 
cylinder  7  in. ;  diameter  of  piston  rods  for  air  cylinder  5^  in. — two  for 
each  cylinder. 

(4")  Steeple  Cross-compound  Condensing  Engines, — Of  this  type  the 
largest  engines  are  now  built  for  blast  furnace  work  in  the  United 
States.  Those  at  the  Ohio  plant  of  the  National  Steel  Company  were 
constructed  by  Messrs.  William  Tod  &  Company.  They  measure  54  in. 
diameter  high  pressure  steam  cylinder,  102  in.  diameter  of  low  pressure 
steum  cylinder,  108-in.  blowing  tubs,  all  with  60-in.  stroke.  Each  pair 
of  engines  are  said  to  weigh  635  tons.  Their  valve  motion  is — for  the 
steam  cylinders,  Corliss,  for  the  blowing  cylinder  similar  to  those 
dcsscrilKxi  and  shown  by  Fig.  25.  These  engines  as  seen  gave  the 
impression  of  immense  strength.  Their  bedplates  are  heavy,  their 
main  hvnisings  rest  on  bases  19  ft.  long  by  10  ft.  6  in.  wide.  Their 
flywhtvl  measures  24  ft.  diameter,  and  weighs  50  tons.  The  steam 
pi|K\*i  UKMSUR" — high  pressure  steam  pipe  14  in.  diameter,  high  pres- 
sure* exhaust  pijK*  16  in.  diameter,  low  pressure  steam  pipe  30  in.  and 
low  pivssuro  exhaust  32  in.  diameter.  The  area  of  two  air  inlet 
vaKcs  is  lAXV  sq.  in.,  area  of  four  outlet  valves  800  sq.  in.  ;  diameter 
v^f  ail  outlet  pipes  ;(>  in.  Dimensions  of  superheater  4  ft.  8  in.  diameter 
by  -X'*  tt.  *vMij;.  \vith  141  J  in.  diameter  tubes  ;  diameter  of  main  shaft 
.*S  in.,  niaiti  Ivaiings  J(>  in.  diameter  by  44  in.  long  ;  crosshead  surface 
;v^  in.  wuto  by  43  m.  long:  crank  pin  18  in.  diameter  by  15  in.  long; 
vi\vxO.K\ul  pin  K>  \\\  diameter  by  \6\  in.  long  ;  diameter  of  piston  rods, 
Meant  e\Ii!Kkis  S  in.,  air  cylinders,  9  in.  Three  pairs  of  these  engines 
aie  tuu^i^lvi^^  bla^t  tor  two  large  furnaces,  and  can  easily  deliver 
I4v\vw  eub.  ?:.  per  minute.  One  of  these  furnaces  has  recently 
eapte.tevl  t!x*  uwu-.!  tV^  a  single  day's  run,  producing  806  tons  of 
Inv^semei  iiv^n  it*.  -4  hours,  with  a  monthly  average  of  634  tons 
|Kr  vla\ . 

The  >ivvp!e  evv^NN-vO'.npvHuul  engine,  was  first  designed  by  Mr.  E. 
Koynv^ld>.  v^t  the  All:<A'i\almers  Company.  The  engines  constructed 
by  this  inni  aie  m  use  at  most  of  the  great  modern  American 
furnaces.  Then*  i^eneiMl  viimcnsions  are  : — Diameter  of  high  pressure 
steam  e\linder  4-  in.,  Uuv  pressure  cylinder  80  in.,  blowing  tubs 
87  in.  ,84  in,  efteetixe  all  (x>in.  stroke.  The  flywheel  is  24  ft 
diameter,  aiul  weighs  45  iv^is.  The  crank  shaft  measures  24  in. 
diameter,  main  IxMriui^s  j_^  in.  diameter  by  40  in.  long  ;  steam  valves 
are  of  Corliss  type.  The  air  inlet  valves  are  of  the  Julian  Kennedy 
piston  type.  Tiiis  vaixe  vieserws  sjxicial  notice,  as  it  is  the  only  valve 
knoxvn    xvhich    operates    with   a    mathematical   absence  of  clearance. 
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It  consists  of  an  open-ended  cylinder  extending  through  both  heads ' 
of  the  blowing  tub,  and  also  through  the  blowing  piston.     The  valve 


cylinder  and  the  blowing  piston  move  independent  of  each  other.     At 
both  ends  of  the  valve,  perforations  arc  placed  in  such  position,  that 
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'wTien'the  cylinder  is  drawn  down,  the  perforations  at  the  top  c 
the  upper  centre  of  the  blowing  tub  with  the  outside  air.  When  the. 
valve  is  moved  to  its  top  position,  the  perforations  at  the  upper  end 
of  the  cylinder  are  moved  upward  through  the  top  cover  closing  the 
valve,  while  similar  perforations  at  the  bottom  end  enter  through  th^ 
cylinder  head,  placing  the  lower  centre  of  the  blowing  tub  in  com- 
munication with  the  outside  air.  The  cylindrical  valve  is  moved  by 
an  eccentric  and  rock  shaft  motion.  The  discharge  valves  are  pressed 
steel  cups  similar  to  those  shown  by  Fig.  25. 

(6;  Shig/e  Vertical  lilowitig  Engines. — Many  blast  furnace  managers 
contend  up  to  this  day,  that  for  smaller  furnaces,  the  simpler  the 
blowing  engine,  the   more   satisfactory   the   result      These    men    stiil 


adhere  to  the  vertical,  sintjlc  cylinder  type,  built  of  sufHcient  strength 
to  blow  up  to  25  lbs.  Kig.  26  shews  a  Weimcr  vertical  blowing 
engine,  built  by  the  Weimcr  Machine  Works  Company,  Lebanon,  Pa.  1 
diameter  of  steam  cylinder  50  in.,  blowing  tub  96  in.,  both  60-ia 
stroke.  TJie  valves  for  the  steam  cylinder  are  of  Corli.ss  type,  r^^u- 
lated  by  a  centrifugal  governor.  The  flywheels  are  placed  outside 
the  flat  frames.  They  measure  22  ft.  diameter.  The  air  valves 
are  of  Weimer's  patented  design,  shown  by  Fig.  27.  The  crank 
shaft  bearings  arc  iS  in.  diameter  by  16  in,  long,  crank  pins  gi  in. 
diameter  by  10  in.  long,  crosshead  pins  8  in.  diameter  by  10  in.  long. 
pi,st(m  rod  8  in.  cliameter.  There  are  48  admission  valves,  consisting 
of  light  steel  strips  held  in  position  by  springs.  The  dischaigc 
valves  number  30,   also   con.sisting   of   steel  strips,  which  work  inside 
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There  has  recently  appeared  a  tendency  towards  the  adoption  of 
positive  acting  valves  for  both  admission  and  discharge  of  the  air. 
The  quick  running  gas  engines  which,  undoubtedly,  before  very  long, 
will  come  to  the  front,  of  necessity  require  such  valves,  and,  as 
usually  has  been  the  case,  necessity  has  been  the  mother  of  invention. 
Such  positive  valves  are  now  at  work,  for  instance,  at  the  Isabella 
furnaces,  at  Pittsburg.  It  is  claimed  for  them  that  for  any  moderate 
variation  in  pressure,  the  loss  in  efficiency  from  too  early  or  too  late 
opening  of  the  valve  is  kept  below  17  per  cent.  For  comparison,  I 
may  state  from  my  own  experience  that  many  old  engines  with 
leather-flap  valves  have  an  efficiency  40  per  cent,  less  than  that  of  a 
modern  South wark  engine.  In  other  words,  the  leather  flaps  give,  for 
the  same  displacement,  40  per  cent,  less  blast  than  the  gridiron 
valves.  The  loss  sustained  by  positive  working  valves  is,  therefore,  a 
negligible  quantity,  especially  when  due  consideration  is  given  to  the 
greater  simplicity  of  the  valve  motion.  The  card  made  by  the  blast 
pressure  in  such  an  engine,  if  opening  too  early,  will  be  like  A,  Fig.  28, 
while  when  opening  too  late,  the  card  will  assume  the  shape  shown  by 
B,  Fig.  28.  The  wavy  delivery  line  in  the  actual  cards  C,  Fig.  28,  is 
caused  by  several  engines  working  on  the  same  main.  The  loss  by 
faulty  opening  is  represented  by  the  cross-hatched  area.  It  seems  likely 
that  positive  blast  valves  have  a  promising  future.  They  will  cer- 
tainly eliminate  a  complication  of  machinery,  which  is  anything  but 
an  advantage  in  the  modern  blowing  engine. 

Gas  Engines. — The  use  of  gas  engines  for  blast  furnace  plants  has 
not  advanced  in  America  as  rapidly  as  on  the  Continent.  The  reason 
for  this  is  probably  to  be  found  in  the  abundance  and  cheapness  ot 
coal.  Another  reason  is  also  the  size  of  the  furnaces,  and  the 
financial  danger  involved  in  experimenting  with  them.  The  difficulty 
of  cleaning  the  gas  is  also  greater  where  a  large  percentage  of  dust- 
fine  ore  is  reduced  with  high  pressure  blast.  In  some  American 
furnaces,  as  much  as  50  tons  of  flue  dust  is  blown  out  every  24  hours. 
As  yet,  there  does  not  exist  in  the  United  States  a  single  blast 
furnace  depending  on  gas  engines.  Mr.  Wehrum,  general  manager 
of  the  Lackawanna  Iron  and  Steel  Company,  stated  in  an  interview 
that  his  new  no  ft.  furnaces,  now  being  built,  are  going  to  be 
blown  exclusively  by  gas  engines,  which  are  being  constructed  in  the 
United  States. 

In  several  places,  gas  engines  are  used  for  the  generation  of 
electrical  power,  which  is  rapidly  being  adopted  for  driving  the 
auxiliary  machinery  around  the  furnace  plants.  The  current  mostly 
used  in  American  iron  works  is  direct.  The  voltage  selected  varies 
from  500  to  220.  Electricity  is  being  employed  for  operating  hoists, 
ore  and  limestone  crushers,  larries  for  the  stock  charging,  bells,  pumps 
and  condensers,  also  for  tap-hole  machines. 

Pumping  Plant — A  modern  American  blast  furnace  requires 
from  three  to  five  or  even  six  million  gallons  of  water  per  24  hours. 
Ample  provision  is  invariably  made  in  arranging  for  an  abundant 
supply  and  reserve  pumping  power.  Besides  the  well-known  Worth- 
ington  type,  a  favourite  pump  employed  at  recently  constructed 
furnace  plants  is  the  three-cylinder  compound  pump,  constructed  by 
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Messrs.  Laidlaw,  Dunn  &  Gordon,  of  Cincinnati.  These  pumps  are 
built  for  a  capacity  of  from  five  to  six  million  gallons  each  per  24  hours. 
The  water  is  sent  to  the  tuyeres  under  a  pressure  of  from  1 5  to  25  lbs. 
per  sq.  in.  To  obtain  the  necessary  head,  the  favourite  device  is  that 
.of  a  standpipe  or  plate  cylinder  from  1 5  to  20  ft.  in  diameter,  and  from 
90  to    125  ft.  in  height     The  standpipe  is  well  bolted  down  to  a  solid 
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foundation,  and  is  provided  with  internal  stays  which  guard  against 
collapse  from  wind  pressure.  The  standpipe  is  also  provided  with 
effective  sirainers,  overflow  and  drain  pii)es.  The  pumps  are  often 
governed  by  accumulators,  regulated  by  the  pressure  in  the  standpi[)e. 

Condensers, — The    condensers  are  in  all  cases  independent  of  the 
engines  and  common  for  the  entire  steam  plant.     The  systems  mostly 
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in  favour  are  the  counter-current,  gravity  condensers,  such  as  are 
designed  and  built  by  the  Worthington  Pumping  Engine  Company, 
shown  by  Fig.  29,  or  according  to  the  Weiss  system,  as  shown  by 
Fig-  3°- 

A   characteristic  of  these  condensers  is  the  use  of  separate  water 


and  dry  vacuum  pumps.  The  former  handle  simply  the  water  for 
condensation,  which  they  discharge  into  the  condenser.  The  condenser 
is  placed  30  ft.  above  the  hot  well.  The  water  falls  into  the  latter  by 
gravity  against  the  pressure  of  the  atmosphere.  As  the  conden.ser 
has  no  connection  with  the  suction  pipe  of  the  water  pump,  except 
through  that  pump,  the  vacuum  in  the  conden.ser  aids  to  lift  the 
injection   water.      The   sectional    view    of    the   Worthington    central 
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condenser  shown  by  Fig.  29  explains  itself.  The  Weiss  condenser 
is  similar  in  principle  to  the  VVorthington,  Two  independent  vacuum 
pumps  and  two  water  pumps  are  generally  provided  for  one  condenser, 
so  that  if  one  set  should  get  out  of  order,  the  other  set  is  ready  for 
use.  By  this  arrangement,  the  chance  of  disturbances  or  stoppage  of 
the  condenser  is  greatly  reduced. 


"1"   ■        i* 


Typical  American  Spccrflcatlon  for  a  Standard  Modem  Blast  Furnace  Plant 

to  produce  an  average  of  350  Tons  per  Day,  with  Connellsvllle 

(equal  to  Durham)  Coke,  and  an  Ore  Mixture  containing 

50  per  cent.  Iron. 


Fiirmuf. — ITcii^ht    of    stacl^,   100    ft;    diameter   of  bosh,   22    ft.; 
■diameter  of  hearth,  14  ft. ;  diameter  of  bell,  11  ft. ;  diameter  of  stock 
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line,  IS  ft. ;  height  of  bosh  above  tuyeres,  14  ft ;  height  of  tuyeres  above 
hearth,  8  ft.  ;  number  of  tuyeres,  12 — 6  in.  diameter.  Tuyeres  and 
breasts  of  cast  copper,  containing  not  less  than  99^  per  cent,  copper. 
Number  of  bronze  bosh  cooling  plates,  168,  placed  in  7  rows.  All 
piping  around  bosh  and  tuyeres  1}  in.  diameter.  Water  pressure  at 
tuyeres,  20  lbs.  per  sq.  in.  Skip  hoist,  double  or  single,  capacity  per 
trip,  two  tons  of  coke  or  four  tons  of  ore.  Bell  worked  by  steam,  hoist, 
by  electric  motor.  Stock  yard  with  parabolic  steel  pockets,  above 
which  are  mounted  inclined  elevated  tracks.  Storage  yard  arranged 
according  to  conditions.  F*urnace  charged  by  means  of  electric  larries 
supporting  scales  and  running  on  overhead  tracks  ;  capacity  of  each 
larry,  two  tons  coke,  four  tons  ore. 

Stoi'cs. — Four  Cowper  or  other  approved  fire-brick  stoves.  Height, 
100  ft.  by  22  ft.  diameter. '  Spearman-Kennedy  retreating  gas  valves, 
20  in.  diameter.  Mushroom  type  water-cooled  hot  blast  valves,  26  in. 
diameter,  with  Berg*s  removable  bronze  seatings,  44  in.  diameter. 
Mushroom  type  chimney  valves  with  water-cooled  seats.  Separate 
draught  stack  for  each  .stove,  160  ft.  high,  6  ft.  inside  diameter,  brick  lined. 

Boilers, — 2,500-h.p.  vertical  water-tube  boilers,  fitted  with  com- 
bustion chambers  ;  steam  pressure,  160  lbs.  per  sq.  in.,  each  boiler  having 
independent  smoke  stack. 

Gas  Piping, — Two  downcomers,  6  ft.  6  in.  diameter  each,  two  dust- 
catchers,  20  ft.  by  40  ft.  ;  separate  smaller  dust-catcher  for  each  stove 
and  boiler. 

Engines, — Two  pairs  independent,  compound,  horizontal  or  vertical, 
condensing  engines,  high  pressure  steam  cylinders,  44  in.,  low  pressure 
cylinders,  84  in.,  blowing  tubs,  84  in.  diameter,  all  60-in.  .stroke  ; 
revolutions  from  50  to  60  per  minute.  Steam  valves  of  Corliss  type ; 
in  and  outlet  air  valves,  worked  positively  by  means  of  eccentrics 
and  rock  shafts. 

Condenser, — Of  central  Worthington  or  Weiss  counter-current  type, 
sufficient  for  all  engines  round  the  plant. 

Pujnping  Plant, — Feed  pumps,  plunger  packed,  in  two  units,  each 
sufficient  to  supply  all  boilers. 

Service  plant,  capacity  9.000,000  gallons  of  water  per  day,  in  three 
units,  compound  engines — any  two  sufficent  to  supply  the  furnace. 

Heater, — Webster  type,  2,500-h.p.  capacity. 

Standpipe. — 100  ft.  by  20  ft.  diameter,  with  strainers. 

Eleetrie  Plant : — Of  sufficient  size,  direct  current,  220  volts. 

Slag  Handling  Plant : 

First  Alternative, — Slag  pit,  30  ft.  diameter,  40  ft.  deep.  Walls 
of  brick  in  cement.  Automatic  grab  bucket  of  five  tons  capacity 
suspended  from  overhead  crane  worked  by  electric  motor.  Sufficient 
number  of  iron  universal  dumping  cars  for  removing  slag. 

Seeond  Alternative, — Five  Weimer  slag  cars  of  200  c.f  capacity 
fitted  with  .steam  power  dumping  device. 

Metal  Handling  Plant, — Casting  machine,  Davis,  Hartman,  Uehling 
or  Heyl  &  Patterson  type,  driven  electrically.  Eight  20-ton  metal 
ladle  cars. 

Motive  Poiver. — Three  standard  gauge  locomotives,  i6-in.  by  24-in. 
cylinders,  four  wheels  coupled  saddle  tank  type. 
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Buildings. — Engine  house  :  steel  frame  with  brick  filling,  slate  roof, 
fitted  with  25-ton  electric  travelling  crane,  commanding  engines,  pumps, 
and  other  installations.  Cast  house  :  steel  frame,  slate  roof,  corrugated 
iron  siding,  covering  the  working  floor  around  the  furnace,  skimmers 
and  metal  ladles.  Boiler  house :  steel  frame,  slate  roofing,  fitted  with 
coal  and  ash  conve>*ors  and  coal  hoppers.  Offices  and  laboratory, 
fitting  and   blacksmiths'  shops  according  to  circumstances. 

A  plant  as  described  above  will,  according  to  foundation  and  other 
local  circumstances,  cost  from  £\60yQO0  to  £200,000. 


CHAPTER     VII. 

Stocking:  and  Charging:  Materials  at  the  Furnace 

Plants. 

At    the  older  and    less  fully    equipped    furnaces,  the    loaded    railroad 

cars  arriving   from   mines,  docks,  quarries   and  coke  ovens  are  pulled 

or  pushed  up  a  line  of  trestles  or  elevated  tracks,  where  they  are  unloaded 

bv  oj-xruing  the  bottom  or  side  doors   of  the   cars,  letting  the   materials 

slide  into  bins  or  pockets,  or  directly   on   to  the  ground,  afterwards  to 

be  transferred  into  charging   barrows,  filled  in  the  first  case  by  gravity, 

in    the   second  by   hand   shovelling.     This  method,  however,  requires  a 

large  number  of  men  and   barrows,  and   becomes  practically  impossible 

whefi  the  output   of  the   furnace   is  increased.      Means   have,  therefore, 

been  devised  at  the  more  modern  plants  to  transfer  the  materials  from 

the  iH'ckets  into   the  skip  of  the   hoist   by   means    of  mechanical   con- 

ln\ai!cc^.       The    above    described    method    refers     to     furnaces    which 

•ccc'\c  their  materials  from  clay  to  da\'   as  recjuired.     Most  of  the  large 

\i:ici'ca:i    furnaces,    however,    depend    on     Lake    Superior    ore,    which 

.ak\    Mi.x    !x^   moved   ouring  the   shipping  season — May  till    November. 

iHii'  '^  liic  winter  months  the  furnaces  draw  on   a  stock   laid   in  during 

:i)».-  -cvotin^  siunmer.      When   a   furnace  produces  600  tons    per  day, 

v\^    :i>ii>.     of  ore   must    be    provided    for    every     winter    day,    or,    in 

\  ^       vv  ;o!^.    I ; 0,000  tons  of  ore   per  furnace    must    each    autumn   be 

,,    .,v        \  .\    ':i   the  yard,   and   rehandled    as   required.     To  accomplish 

:..  V     I    \\\  economical   and   uninterrupted   manner,  various  classes 

...  ■     o.\     'Mvc    been     designed,    a    few    of  the     leading     kinds    of 

.  •  .  .     V    •c-ctibed  below,  viz.:  — 

V;,  :.//    Ihidij^c    Trainwny. — These     machines    are    used    at 
...  \v   '    li^e    front   furnaces,  for  instance,  South   Chicago,    Lorain, 

l>u ffalo.  and  al.so  at  the   Duquesne  and   Carrie   plants, 

1  he  furnace  plants  are,  in  the  case  of  the   Lake   Shore 

K  u  bv  and  parallel  to  the  docks,  where  the  ore  is  dis- 

ic   .c^.'-eJs.     The   Brown   bridge  tramway   has  been  des- 

...cvi  ne^i^usly  (see  pages  416  and  418,  Fig.  6).     It  is,  for 

•  .acevl  so  that  its  hinged  overhang,  or  apron,  extends 

oc  Miip,  while  the  bridge  span   and  cantilever  cover 

I  !ie  bridges  must  be  designed  sufficiently  strong 


.  1  .  V. 

,i.v   ,■    .        M 


-V.      ♦ 
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to  handle  a  5-  or   10-ton  shovel  bucket.       The  ore  is  unloaded  from 
the  ship  in  the  usual  fashion,  and  dumped  under  the  bridge   tramway. 


which  as  soon  as  one  section  of  the  yard  is  filled  up,  is  moved  a  few 
feet,  continuing  the  ore  pile  at  full  heiyht.  The  tail  end  of  the 
cantilever  is  preferably  placed  above  the  pockets,  whence  the  ore  and 
other  materials  are  drawn  into  the  transfer  cars,  larrics  or  skips.  When 
the  ote  is  to  be  utilised,  a  shovel  bucket  attached  to  the  bridge  tram- 
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way  will  scoop  it  up,  carry  it  over  the  pockets  and  dump  it  automatically 
into  them.  One  man  can,  by  means  of  the  bridge  tramway,  and 
with  a  5-ton  shovel  bucket,  handle  about  2,000  tons  of  ore  per  day 
from  storage  into  service  pocket,  at  the  cost  of  about  ^d.  per  ton. 
The  shovel  bucket  is  at  the  forward  edge  armed  with  long  pointed 
teeth  of  tool  steel,  by  means  of  which  it  will  break  through  even  a 
heavy  crust  of  frozen  ore.  Such  a  bucket  will  shovel  blasted  rock 
without  any  apparent  difficulty.  With  the  method  explained,  the 
ore  is  never  touched  with  a  hand  shovel  from  the  time  it  leaves 
the  hatchway  of  the  ship  until  it  is  deposited  in  the  furnace. 

At  the  Duquesne  Furnaces,  which  are  located  away  from  the  Lake 
shore,  the  ore  of  necessity  arrives  in  railway  cars.  These  cars  are 
run  on  to  a  trestle.  The  bottoms  are  opened,  and  the  ore  drops  into 
a  pocket  under  the  car.  From  this  pocket  the  ore  is  drawn  off  by 
gravity  into  5-ton  automatic  dumping  buckets,  which  are  lifted 
by  tbe  bridge  tramway  and  dumped  in  the  proper  place  in  the  yard. 

(2)  For  storing  ore  for  a  moderate  sized  furnace  plant,  a  very 
cheap  and  serviceable  arrangement  is  the  revolving  cantilever  crane. 
Fig.  31  shows  this  crane  as  installed  at  the  Punxutawney  Furnace,  Pa. 

These  cranes  are  built  up  to  a  length  of  363  ft.  from  point  to 
point  of  cantilever.  The  track  is  placed  about  70  ft.  above  the  ground, 
making  it  possible  to  pile  the  ore  under  the  crane  to  a  height  of  60  ft. 
Ordinary  automatic  buckets  arc  placed  under  the  chutes  of  the 
receiving  ore  pocket,  and  are  filled  by  gravity.  The  revolving  crane 
is  placed  with  the  trolley  above  the  buckets,  which  are  raised  and 
moved,  by  revolving  and  racking,  to  the  point  where  the  ore  being 
handled  is  to  be  deposited.  At  this  point  the  bucket  is  automatically 
dumped  by  being  dropped  on  the  ore  pile,  and  the  crane  returns  with 
the  empty  bucket  to  the  original  position.  With  a  4-ton  crane  of 
this,  description  one  man  will  comfortably  handle  1,200  tons  of  ore 
per  day  of  10  hours  from  the  receiving  pocket  to  storage,  and  will 
shovel  about  1,000  tons  per  day  from  the  ore  pile  into  the  service 
pocket  at  the  furnace.  The  crane  in  working  order  costs  from  £'^fyoo 
to  i^  10,000,  according  to  size  and  location.  It  can  be  driven  by  means 
of  steam  power  or  electricity,  as  desired. 

(3)  At  the  Eliza  Furnaces  of  Messrs.  Jones  &  Laughlin,  in  Pitts- 
burg, Pa.,  the  ore  storage  plant  consists  of  a  number  of  high  steel 
trestles  on  to  which  the  ore  cars  are  pushed  and  unloaded.  The  ore 
remains  where  it  drops  until  it  is  required,  when  it  is  shovelled  from 
the  ground  by  means  of  5 -ton  steam  shovels  running  on  tracks 
under  and  parallel  with  the  trestles.  The  steam  shovel  is  more  posi- 
tive and  rigid  than  the  shovel  bucket  suspended  on  a  wire  rope.  For 
that  reason  it  is  preferred  by  many,  but  the  installation  of  steel 
trestles  and  steam  shovels  is,  when  the  problem  involves  storing  of 
600,000  tons  of  ore  for  winter  use,  more  costly  than  would  be  a 
portable  installation  of  cranes,  however  ponderous  these  may  be. 

Amongst  the  most  modern  installations  for  handling  the  incoming 
ore  supply  are  those  of  the  Ohio  Steel  Works,  Youngstown,  O.,  and 
at  the  Carrie  Furnaces,  Rankin,  Pa. 

(4)  At  the  Youngstown  plant,  the  arriving  cars  are  placed  on  a 
HuleM  car  dumper^  as  shown  by  Fig.  32.     The  car  dumper  is  in  main 

H   H    2 


STOCKING  AND  CHARGING  MATERIALS  AT  THE^ FURNACE  PLANTS.    469 

arranged  like  that  for  coal  handling  already   described.     There  is  the 
same    platform   and    locking   arrangement,  but   instead   of  the   cover, 
with    its   pockets,  there   is   an    inclined    plane   or   tray,  to   which    are 
attached  deflectors,  which    guide   and   distribute  the  ore  amongst  four 
20-ton    bridge   trucks    placed    on    transfer   cars   alongside    of  the   car 
dumper.        In   case   of   50-ton   hopper  cars,   the   bulk   of   the   ore   is 
loaded    near    the    centre    of  the    car.      Therefore,   the    deflectors    are 
adjusted  so  as  to  move  it  outwards.      On  gondola  cars,  on  the  other 
hand,  the   main   part   of  the  ore   is   loaded  near  the  end   of  the  car 
above  the  trucks,  and    the   deflectors  are  in  this  case  reversed   so  as 
to   send   part  of  the  ore   in  towards  the  centre.      The  bridge  trucks 
are  mounted   on  tracks    placed    on  steel    transfer  cars,  which   run  on 
ordinary  railroad    tracks   to   the   bridge   conveyor  shown   by   Fig.  33. 
This  bridge  conveyor  spans  the  ore  storage  yard.      The  bridge  cars 
are  one  at  a  time  drawn  up  along   one  of  the  four  converging  rail- 
way tracks  of  the  bridge,  which  coincide  with  the  tracks  on  the  steel 
transfer   cars.      The    loaded    bridge    trucks   are   automatically    tipped 
when   they    arrive   at   the    place   where   the   ore    is   to    be   deposited. 
At  the  Ohio  Steel  Company's  works,  the  storage  yard  is  250  ft.  wide 
and  2,ooD  ft.  long,  the  height  of  the  bridge  above  the  base  of  the  ore 
piles   being   80   ft.,   which,  of  course,  gives   very   large   storage  room. 
The  car  dumper    has   a   proven   capacity   of   thirty    50-ton   cars    per 
hour  ;  but  the  average  speed    of  working   is  only  fifteen  50-ton  cars, 
or  750  tons  per  hour,  which  allows  sufficient  time  for  shifting  the  cars 
in  and   out  from  the  dumper.     Two  conveyor   bridges    are   provided, 
each  of  which  will   take  care  of  12  railroad  cars  or  48  bridge  trucks 
per  hour.      It   requires  two  men  to  operate  each  of  these  conveyors, 
one  lever  man,  and  one  man  to  hook  and  unhook  the  cable  from  the 
trucks.     Two  men  are  also   required  to  operate  the  car  dumper,  and 
two  on  the  switching  locomotive. 

The  conveyor  bridges  also  work  a  shovel  bucket,  which  scrapes 
up  the  side  of  the  ore  piles,  filling  itself  with  10  tons  of  ore. 
The  bucket  is  lifted  and  carried  by  a  trolley  running  on  a  track 
suspended  under  the  bridge,  and  is  dumped  into  the  ore  pockets 
at  the  furnace  end  of  the  machine.  The  approximate  price  for  a 
car  dumper  is  about  ;^  11,000.  Its  weight  is  about  200  tons.  The 
price  for  a  conveyor  bridge,  of  course,  depends  greatly  on  the  span, 
and  the  power  of  the  machinery  for  operating  the  conveyor  ;  but, 
constructed  for  25-ton  loads,  they  are  very  expensive  machines.  Both 
car  dumper  and  conveyor  bridges  at  the  Ohio  Steel  Company's 
works  are  operated  electrically,  but  steam  may  be  used  if  preferred. 

The  above  data  have  been  given  me  by  Mr.  Geo.  H.  Hulett, 
manager  of  the  Webster,  Camp  &  Lane  Machine  Company,  of 
Akron,  O.,  and  inventor  of  the  machines,  and  by  Mr.  S.  McDonald, 
general  manager  of  the  Ohio  Works. 

(5)  A  different  system  has  been  employed  at  the  latest 
furnaces  of  the  Carnegie  Steel  Company,  those  of  the  Carrie  plant. 
At  this  place  a  car  tipple,  shown  by  Fig.  34,  deposits  the  ore  from 
the  railway  car  into  six  standard  lo-ton  automatic  dumping  buckets 
placed  on  a  transfer  car.  This  car  is  run  under  a  Brown  bridge  tram- 
way of  massive  dimensions,  which  controls  the  transfer  tracks  as  well  as 
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the  storage  yard   and   the   parabolic  suspended   steel  pockets   at  the 
furnaces.    By  means  of  the  bridge  tramway,  the  buckets  are  successively 
picked  up  from  the   transfer   car,  and    the   contents   deposited    either 
directly  into  the  pockets  or  in  the  storage  yard.     During  the  winter,  the 
dumping  buckets  are  exchanged  for  shovel  buckets,  the  ore  being  lifted 
as  required    for  consumption    in  the  furnaces.     There  is  one  of  these 
plants  serving  each  pair  of  the  four  furnaces.      That  for  Nos.  i  and  2 
furnaces,   Fig.  35,  has  a  bridge  tramway  with  132  ft.  span,  while   that 
at    Nos.   3  and  4  furnaces,  which  is  shown  in  plan    and  elevation  by 
Fig-  39»  measures  over  all  563  ft.    i^    in.,  and    represents    one    of   the 
most    perfect    installations  of  this    kind.      As    will    be    seen,  each   of 
the  two  towers  supporting  the  bridge  is    carried    by    the    framing    of 
the  jx)ckets.      These  pockets  are  built  of  :}^-in.  steel  plates,  suspended 
from  the    framing  without  any    braces    or    supports    whatever.       The 
steel    plates    are  given   parabolic    shape,  and    are,  therefore,    not    dis- 
torted  by  the  ore  resting  on  them.      Near  the  apex  of  the  parabola, 
chutes  for  drawing  off  the  ore  arc  arranged,  l>o  that  the  pockets   can 
be  entirely  emptied   without  shovelling.      When  the  ore  is  drawn  off 
through    the    chute,  it  falls    into    the   hopper  of  the   elecric    larry    or 
transfer  car,  shown  by   Fig.  36.      The    hopper    of  the    larry    is     sup- 
ported by  a  scale  fitted  with  six  weighbeams,  which  can  be  separately 
adjusted,  and   which  are  kept  under  lock  and  key,  but  in  full  view  of 
of  the  operator.     The  larry  is  run  on    a    susi)ended    overhead    track. 
The   overhead    track    is  preferred   to   one  resting   on    the   ground,   as 
it  will  alwa\'s  remain  free  and  clean,  even  if  some  ore  or  coke  should 
be  spilled    from  the  larry.     The  weigh-master,  who  is  seated  on  the 
larr\',  operates  the  chutes  of  the  pockets,  at  the  same   time  watching 
the   wcighbeam    set    to    regulate    the    amount    of    ore    which    he    is 
drawing.     He  also    runs    the   larry    from    the  pockets   to   the   skip  of 
the  inclined  hoist,  and  empties  the  charge  into  the  same. 

At  the  Ohio  Steel  Company's  works,  two  men  handle  the  ore 
sup[)ly  for  one  furnace  producing  an  average  of  600  tons  per  day, 
and  with  a  best  record  of  806  tons  in  24  hours.  A  third  man 
draws  coke  and  limestone  into  stationary  larries  placed  on  either 
side  of  the  descending  skip. 

A  unicjue  and  interesiing  arrangement  for  charging  material 
into  the  hoist  skip  was  seen  at  the  North  Lebanon  Furnace, 
Lebanon,  Pa.  This  furnace  uses  exclusively  roasted  Cornwall  ore, 
which  is  reduced  with  Connellsville  coke  and  a  very  pure  local 
limestone  and  dolomite.  There  is  at  the  foot  of  the  hoist  incline 
one  large  receiving  hopper,  measuring  40  ft.  by  50  ft.,  divided  into 
four  compartments.  One  half  of  the  ho[)per  nearest  the  furnace  is 
reserved  for  coke.  The  central  portion  of  the  opposite  half  serves 
for  ore,  and  the  two  end  portions  for  limestone  and  dolomite. 
The  skip  of  the  hoist  rests  on  a  weighbridge  supporting  the  bottom 
part  of  the  hoist  incline.  One  man  operating  the  chutes  from  his 
position  in  front  of  the  weighbeams  by  means  of  pneumatic  cylin- 
ders, will  successively  fill  the  hoist  skij)  with  the  proper  amount 
of  ore,  limestone  and  coke,  hoist  the  s-ime  to  the  furnace  top,  work 
the  bell  and  sound  the  furnace.  A  labourer  assists  him  to  keep 
clean   the  hoist    pit   and    weighbridge,  which  latter  is  adjusted  daily. 
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The  Lebanon  Furnace  produces  on  an  average  225  tons  of  Bessemer 
iron  from  a  very   lean  ore,  averaging  about   45  per  cent.      It  seems 


Fiii.  34.— Car  DuMiER,  Carrie  Furnaces. 

as  if  the  greatest  possible  economy  in  the  arrangement  for  charging 
a  blast  furnace  has  been  reached  in  this  installation. 

:  /fot's/.T. — The  reciprocating,  vertical  hoist,  whether   driven 
by  steam,  electricity,  compressed  air  or   water,   is  totally   obsolete  in 
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America.  It  is  tpo  slow  to  handle  the  quantity  of  material  required 
for  a  large  output,  and  too  costly  in  human  labour  to  be  tolerated. 
Inclined  skip  hoists  have  universally  taken  its  place.  The  first  of 
this  type  of  hoist  was  working  at  the  Lucy  F'urnaces,  Pittsburg,  as 
early  as  1879.  The  original  skip  hoist  was  fitted  with  double  tracks 
and  two  skips,  dumping  their  contents  alternately  into  a  funnel  con- 
centric with  and  suspended  above  the  bell.  The  distribution  by 
this  arrangement  was,  however,  not  entirely  satisfactory.  The  next 
step  forward  was  taken  when  the  late  William  Rothoff  designed 
a  double  skip  hoist,  depositing  the  charge  into  a  "cylindrical 
receptacle  surmounted  by  an  oval  hopper  placed  above  the  top 
platform  of  the  furnace."  This  patent  is  now  controlled  by  Mr.  Walter 
Kennedy,  consulting  engineer,  Pittsburg,  who  has  modified  the 
Rothoff  hoist. 

When  constructing  the  Duquesne  F*urnaces,  M.  A.  Nccland  intro- 
duced a  new  system  of  hoist.  On  electrically  driven  scale  cars 
are  placed  cylindrical  tubs,  the  bottoms  of  which  are  closed  by 
a  small  bell.  The  tub  is  carried  from  pocket  to  pocket,  until  it 
carries  the  proper  furnace  charge  of  ore  or  coke.  It  is  now  run 
under  the  single  track  inclined  hoist,  to  the  trolley  of  which  is 
attached  a  hook.  This  hook  grips  the  tub  and  carries  it  bodily 
to  the  top  of  the  furnace,  where  it  is  deposited  on  a  seat  con- 
centric with  the  bell.  At  the  same  time,  the  small  bell  which 
closes  the  bottom  of  the  cylinder  is  lowered,  and  the  charge  is 
deposited  in  the  hopper.  The  empty  tub  is  then  picked  up  and 
lowered   until   it   is   again   placed   on   the  travelling  scale   car. 

The  Brown  hoist  differs  from  that  of  Mr.  Walter  Kennedy,  in  that 
a  single  track  only  is  used  on  which  travels  a  skip  without  counter- 
balance..    The  skip  is  emptied  into  a    funnel-like    revolving    hopper 
supported  on  a  circular  track  above  the  furnace  bell,  and  fitted  with 
an  eccentric  spout.     The  main  sheave  at  the  top  of  the  hoist  around 
which '  the  hoist  rope  runs    is,  by   means  of  a  series  of  bevel  gears, 
shafts  and  a  ratchet  coupling,  connected  with  the  revolving   hopper, 
or  the  so-called  distributor,  which  it    turns    as    long  as    the  shaft  is 
running  in  one  direction,  viz.,  that   which   lowers    the    skip.      When 
the  skip  is  hoisted,  the  ratchet  or   slip   coupling    leaves    the    distri- 
buting hopper  stationary.     The   gears   connecting   the    main   sheave 
with  the  distributor    are    so    calculated    that    for    each    trip    of    the 
hoist,  the  funnel   turns   an   angle  of,  say,  87  degrees.     If,  therefore,  a 
skip    of  material    is    deposited    due    north,    the    next    skip    will    be 
deposited    east    3    degrees     north,    the    following    south    6   degrees 
east,   the  third   west   9    degrees    south,    and    the    fourth    north     12 
d^^rees   west.      Continuing    to    revolve,  the   distributor  will    deposit 
each  new  charge  in  a  direction  slightly  different  from   the   one  pre- 
ceding   it.      There    is   no    arrangement    known    which    will     give    so 
positive  and   absolutely  reliable  a  distribution  of  material  in  a  blast 
furnace    as    the    Brown    distributor.       The     hood     supporting     the 
distributor   rests   on  the    rim   of  the    hopper,  and  the   mouth   of  the 
spout  is  closed    by   an  automatic  cover.      When  the   bell  is   lowered, 
the  rising  gas  is,  therefore,  prevented  from  escaping  or  igniting.     The 
hoist  is  well  known.     Objections  have  been  raised  to  the  method  of 


At  the  I'iotuer  J'lirn.tcc^  at  Thomas,  near  Hirmiii^ham,  Ala.,  rail- 
way trucks  with  hopper  bottoms  are  rim  under  the  various  ore 
pockets  or  arrive  loaded  from  the  mines.  These  trucks  art  moved 
across  a  pit  at  the  foot  of  the  hoist  incHne.      In   this  pit   has  been 
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lowered  a  push  car,  also  called  "ground  hi^"  similar  to  the  one 
which  works  the  tipple  described  on  page  433.  This  ground  h(^ 
ascends  behind  the  car  and  moves  it  bodily  up  the  incline  to  the 
top  or  the  furnace,  where  it  is  arrested  in  a  central  position    above 


the  bell.  The  hopper  bottom  is  automatically  opened,  the  ore  or 
coke  descending  directly  on  to  the  top  of  the  bell.  Under  certain  local 
conditions,  where  ore  arrives  regularly  and  as  required  over  private 
railways,  and  where  coke  is  manufactured  in  the  furnace  yard,  this 
system  has,  undoubtedly,  much  to  recommend  it. 
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At  the  Ohio  Steel  Company's  works  was  seen  an  electric 
hoisting  engine,  which,  slowly  started,  automatically  speeds  up,  slows 
down  and  stops  on  the  skips  reaching  the  top  and  bottom  of  the 
bridge.  The  effect  is  obtained  by  regulating  the  resistance  in 
the  electric  controllers  by  means  of  a  button  rope  worked  by  the 
moving  skip.     Electric  hoist  engines  are  gaining    in  favour. 

The  Brown  Hoisting  Company  have  recently  built  and  erected 
for  a  furnace  in  Austria  a  novel  hoist,  consisting  of  a  S-ton  canti- 
lever crane  entirely  separate  from  the  furnace.  Automatic  dumping 
buckets  carried  on  cars  arrive  under  the  cantilever  crane  from  coke 
shed  and  roasting  kilns  charged  with  ore  and  coke.  The  buckets 
are  picked  up  by  the  crane,  carried  to  a  point  above  the  furnace 
top,  and  dumped  into  the  distributor.  They  are  then  returned  to 
the  transfer  car,  and  the  next  loaded  bucket  is  hoisted.  The  railway 
track  for  the  transfer  car  is  built  in  the  shape  of  a  loop,  the  cars 
proceeding  in  an  endless  procession  under  the  crane  and  back  to  the 
coke  storage  and  roasting  kilns.  The  capacity  of  such  a  cantilever  is 
amply  sufficient  for  charging  the  largest  furnace.  It  is,  undoubtedly, 
a  certain  advantage  to  have  the  hoist  entirely  independent  of  the 
furnace  stack.  Being  of  American  design,  and  of  entirely  modem 
type,  this  arrangement  is  illustrated  in  Fig.  37. 


CHAPTER    VIII. 

Handling  of  the  Products  of  the  Furnace. 

F/ue  Dust. — When  furnaces  are  smelting  a  large  percentage  of  dust- 
fine  ore,  and  arc  driven  as  hard  as  are  the  American  furnaces,  the 
flue  dust  escaping  with  the  gas  is  presenting  a  problem  which  has 
to  be  dealt  with.  At  present  the  usual  method  is  to  deposit  the 
bulk  of  the  dust  in  large  dry  dust  collectors  or  dustcatchers.  By 
increasing  the  area  through  which  the  dust  must  pass,  the  velocity 
of  the  gases  and  dust  is  suddenly  arrested,  and  the  dust,  being  the 
heavier  of  the  two,  will  move  more  rapidly,  striking  the  walls  of  the 
dustcatcher,  whence  it  is  supposed  to — and  a  great  percentage  really 
does — fall  to  the  bottom  of  the  receptacle.  The  main  dustcatcher  is 
located  at  the  bottom  of  the  downcomer,  but  similar  dustcatchers  on 
a  smaller  scale  are  usually  found  also  in  front  of  ever\'  stove  and 
boiler.  Water  sprays  have  occasionally  been  used,  but  are  not  favoured, 
as  they  are  troublesome  and  must  be  constantly  kept  in  order.  To 
prevent  the  blowing  out  of  a  great  amount  of  dust,  the  modem 
furnaces  are  often  equipped  with  numerous  gas  openings  all  around 
the  circumference  of  the  furnace  top.  The  pipes  leading  from  these 
openings  are  connected  outside  the  furnace,  so  that  the  gas  arrives 
at  the  foot  of  the  furnace  through  one,  or  at  the  most  two,  main 
downcomers.  In  some  of  the  newer  furnaces,  for  instance  Cambria 
No.  2,  the  gas  outlets  rise  perpendicularly  from  the  furnace  top,  and 
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unite  above  the  same  into  large  downcomers.  This  plan  has  much 
to  recommend  it.  The  ai^jument  against  one-sided  downcomers  is 
that,  when  the  charge  is  being  dropped  from  the  bell,  the  fine  ore 
falls   in   a  thin   sheet   through   the   current  of  gas   passing   from   the 


■centre  of  the  furnace  towards  the  downcomer  opening.  A  cloud 
-of  fine  particles  of  ore  will,  therefore,  be  deflected  and  pass  down 
through  the  downcomer,  without  ever  having  reached  the  stock  line 
■of  the  furnace.  With  coarse  ore  and  moderate  driving,  this  objection, 
.1  think,  has  very  little  weight. 
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Fig.  40<— BBiqoBTTiKC  Plakt,  Bi;ilt  bv  Cmisholm,  Boyd  &  Whitb,  Chicago. 
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When  using  rich  ores  like  Mesaba,  the  dust  collected  in  the  first 
dustcatcher  is  high  in  iron.  At  a  certain  plant  near  Fittsbui^,  the 
analysis  of  the  dust  is  as  follows : — 

Per  cent. 

Iron 5600 

Lime 400 

Carbon  ...         ...         ...         ...         ...       S'OO 

Such   dust  is  in   itself  a  good  ore,  which  is  briqucttcd  and  returned  to 


the  furnace.  For  thi.s  purpose  4  additional  per  cent,  of  lime  is 
added  to  the  du.st  in  the  form  of  lime  milk.  If  the  dust  is  tin*  dry, 
some  purple  ore  is  also  mixed  with  it.  The  whole  !.■;  placed  in  a 
revolving  mixing  machine,  whence  it  passes  to  a  briquctting  machine 
constructed  by  Messrs.  Chi.sholm,  Hoyd  &  White,  of  Chicago,  illus- 
trated by  Fig.  38.     The  mixing  machine  consists  of  a  revolving  shaft 
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with  knives  set  at  an  angle  and  moving  in  an  iron  casing.     The  angle 
of  the  knives  drives  the  mixed  material  forward  towards  the  delivery  end. 

The  briquetting  machine  consists  of  a  pair  of  rollers  running,  on 
a  pan  similar  to  that  of  a  pug  mill.  At  one  side,  the  bottom  of  the 
pan  is  cut  out  to  admit  a  perforated  circular  disc,  whose  centre  is 
outside  of  the  rim  or  curb  of  the  mill,  and  the  top  surface  of  which  is 
level  with  the  pan  track.  A  segment  of  the  disc  thus  forms  part 
of  the  track,  over  which  the  rollers  travel.  As  the  rollers  with 
their  accompanying  scrapers  pass  over  that  section  of  the  per- 
forated disc  which  is  within  the  pan,  the  perforations  as  they  pass 
arc  subjected  to  repeated  fillings  and  pressures  as  each  of  the  ponderous 
rollers,  with  its  peculiar  twisting  and  grinding  action,  travels  or  rolls 
over  them  at  the  rate  of  20  or  more  times  per  minute.  As  each 
successive  pair  of  moulds  passes  out  evenly  filled  with  solid  briquettes, 
the  moulds  stop  directly  under  the  plungers  of  a  press,  by  which 
the  finishing  pressure  is  applied.  The  time  for  the  action  of  the 
plungers  is  accurately  determined  by  the  movement  of  the  disc. 
When  pressed,  the  briquettes  arc  pushed  out  of  the  perforations  in 
the  disc  and  dropped  on  to  a  conveying  belt,  which  carries  them 
to  the  drying  furnace,  where  they  remain  for  eight  hours.  This 
drying  oven  is  heated  by  gas  from  the  furnace  smoke  flue,  whence 
it  is  drawn  by  an  ordinary  exhaust  fan  measuring  3  ft.  in  diameter. 
The  plant,  which  is  yet  in  its  experimental  stage,  delivers  35  tons  of 
briquettes  per  day  of  ten  hours.     Ten  men  are  required  to  operate  it 

Figs.  40  and  41  show  a  briquetting  plant  as  described  above, 
built  by  Messrs.  Chisholm,  Boyd  &  White.  It  is  said  that  the 
cost  of  briquetting  ore  will  vary   from  4s.  to  2s.  6d.  per  ton. 

S/a^.^S\Rg  is  either  removed  in  metal- lined  Weimer  cars,  or  it 
is  run  into  a  granulating  pit,  whence  it  is  removed  by  a  grab  bucket 
and  loaded  on  railwa\'  cars. 

The  Weimer  200  cub.  ft.  capacity  slag  car,  for  example,  is  fitted  with 
a  dumping  device  worked  by  steam  from  the  locomotive,  to  which 
the  car  is  attached  by  means  of  a  hose.  All  delay  and  diflficulty  in 
rapidly  emptying  the  car  is  thereby  fully  overcome.  The  cast-iron 
linings  for  the  slag  cars  arc  said  to  have  an  average  life  of  nine 
months.  The  cost  of  maintenance  of  each  car  will  prodably  average 
;^30  per  year.     Three  cars  suffice  for  a  large  furnace. 

The  system  of  granulating  slag  is  coming  more  and  more  into 
favour.  Outside  the  cast  house  is  built  a  pit  some  30  to  40  ft.  deep, 
and  from  20  to  30  ft.  in  diameter.  A  4-in.  water  pipe  is  run  into 
the  same,  the  flow  being  regulated  by  a  float  operating  a  valve  in  the 
pipe.  It  is  not  necessarv  that  the  granulating  water  should  be  cold, 
but  the  tank  must  constantly  be  kept  full.  During  the  night,  all  the 
slag  made  is  run  into  the  water  tank.  During  the  day  shift  the 
slag  is  removed  by  means  of  a  grab  bucket  suspended  either  from 
a  trolley  running  on  a  stationary  track,  or  from  a  rotating  jib  crane. 
The  granulated  slag  forms  a  desirable  raw  material  for  cement.  It 
is,  however,  mostly  used  for  road  metal.  The  railways  often  undertake 
to  remove  the  slag  free  of  charge,  and  to  do  all  the  shifting  required 
in   connection  with  the  same. 

The   slag   cement  industry   has   been   brought  to  a  high  state  of 
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perfection,  but  has  not  attained  such  a  magnitude  as  might  have  been 
expected.  At  the  South  Chicago  Works,  a  large  cement  plant  is 
connected  with  the  blast  furnace  department. 

There  is  also  at  the  same  place  a  plant  for  producing  mineral 
wool,  by  blowing  slag  and  steam  through  a  pipe  into  a  large  collecting 
room.  The  rapid  motion  of  the  steam  tears  the  liquid  slag  into  fine 
threads,  which  are  collected  and  used  for  insulating  material  and 
other  purposes.  Unfortunately,  the  slag  wool  is  subject  to  changes 
under  the  influence  of  the  atmosphere,  which   greatly  reduce  its  value 

Iron, — The  iron  is  still,  at  many  of  the  smaller  furnaces,  cast  in  sand 
in  manner  usual  in  England,  but  the  cast  beds  in  America  are  always 
covered.  At  other  works  cast-iron  chills  placed  on  the  floor  of  the 
cast  house  are  substituted  for  the  sand  moulds.  Most  of  the  modern 
furnaces,  however,  employ  one  form  or  another  of  the  casting  machine, 
or  they  are  connected  with  steel  works,  which,  during  the  week,  receive 
all  the  iron  in  liquid  state,  after  passing  it  through  a  mixer,  where 
it  is  equalised  and  partly  desulphurized.  For  carrying  the  metal 
from  the  blast  furnaces  to  the  steel  works  are  used  metal  cars  varying 
in  capacity  from  12  to  25  tons.  The  tipping  gear  for  these  ladles 
is  often  worked  by  an  electric  motor  conveniently  attached  near  the 
mixer. 

The  casting  tnachtne,  as  a  problem,  has  been  an  attractive  field 
for  the  inventor.  The  first  practicable  type  was  invented  and  patented 
by  Mr.  E.  A.  Uehling,  late  manager  of  the  Sloss  Iron  Company, 
Birmingham,  Ala.  It  consists  of  an  endless  chain  of  cast-iron  moulds, 
the  interiors  of  which  are  coated  with  a  spray  of  lime  milk.  The  endless 
chain  of  moulds  measures  from  108  to  130  ft.  in  length,  and  moves 
at  such  a  pace  that  the  iron  remains  in  the  moulds  of  the  top  strand 
for  a  period  of  about  nine  minutes.  Arriving  at  the  slightly  elevated 
upper  end  of  the  chain,  the  pigs  are  dropped  on  to  a  conveyor,  which 
descends  into  a  water-filled  tank,  where  the  iron  is  cooled.  It  is 
then  delivered  on  to  wagons  by  gravity.  This  type  of  machine  works 
well  at  many  plants  in  America,  but  the  cost  of  repairs  of  the  numerous 
links,  journals  and  supporting  wheels,  as  well  as  of  the  iron  moulds 
themselves,  is  a  serious  item. 

Messrs,  Heyl  &  Patterson  have  designed  a  modification  of  the 
Uehling  machine.  Each  link  of  the  chain  in  the  Heyl  &  Patterson 
machine  carries  two  moulds.  The  moulds  are  made  of  pressed  steel 
plates,  and  are  coated  with  smoke  deposited  as  the  moulds  of  the 
returning  lower  strand  of  the  conveyor  pass  through  a  furnace  fired 
with  gas  coal.  The  steel  mould,  after  being  filled  with  iron,  descends 
into  a  water-filled  tank,  where  the  iron  is  cooled  before  it  leaves  the 
mould,  and  finally  drops  into  the  waiting  railway  car.  Good  results 
have  also  been  obtained  by  this  modification  of  the  casting  machine. 

A  third  type  in  successful  use  is  the  revolving  machitie  of  Davis. 
This  machine  consists  of  a  horizontal  circular  track  about  80  ft.  to 
90  ft  in  diameter.  On  this  track  travels  a  continuous  line  of  carriages 
supporting  the  moulds.  Each  mould  casting  is  made  in  the  shape  of 
a  square  bar,  about  10  in.  by  10  in.  In  two  opposite  surfaces  of  this 
bar  arc  hollowed  out  the  moulds  for  the  metal.     Journals  or  trunnions 
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■  ■^.i   more  convenient  way  to  hantllc 

■  .N*"ng  foundry  grades,   is    the    pig- 
e    .M-^t    in    sand,  or    if   for   the   basic 

'  -*.        When    the    bed    is    cast,    it    is 

^     '-^turhed.      It    is    then    picked    up 

,  .::  :ec1   to  the  pig-breaker. 

.. >e  in    .America  is  that   invented   by 

'v.^e    are      installed     at     the     Innpiois 

•^ig -breaker,   as    applied    at    these 

.line    of   steel    in    which    rest    two 

^  :K\d  suspended   under  the  crane, 

-.  ,,\'^sivel\*   breaks  each  pig   in  the 

-.    e\i.  when  desired,  breaks  the  sow 
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into  suitable  lengths.     The  pig-breaker  works  satisfactorily,  and  requires 
for  its  work   the   services  of  three   men,  viz.,  one   breaker  man,  who 
also  operates  the  crane  from  his  station  at  the  pig-breaker,  one  hooker- 
on,   and    one    car  shifter.     The    pig-breaker   works    cheaper   than.  J&  . 
possible  with  any  now  invented  casting  machine. 


CHAPTER  IX. 

Blast  Furnace  Practice. 

The  first  and  foremost  article  of  creed  of  the  American  blast 
furnaceman  is,  that  there  is  no  better  divisor  for  all  fixed  charges 
than  a  large  output.  The  question  of  coke  economy  and  duration  of 
lining  are  given  their  due  weight,  but  the  American  rightly  claims 
that  a  blast  furnace  lining  is  good  for  a  certain  amount  of  wear,  that 
is,  a  certain  number  of  tons  of  iron,  and  that  the  sooner  this  quantity 
of  iron  is  made,  the  better  the  furnace  will  pay  for  itself 

In  regard  to  coke  economy ;  this  is,  of  course,  desirable,  but 
only  so  far  as  it  does  not  seriously  curtail  the  production  of  the 
furnace. 

The  second  article  of  the  furnaceman's  creed  is  the  necessity  of 
uniformity  of  all  conditions  prevailing  around  the  furnace.  Uniform 
ore  mixture,  regular  coke,  constant  temperatures,  and  the  same 
volume  of  blast  regardless  of  pressure,  are  the  conditions  aimed 
for. 

He  is  greatly  averse  to  changing  his  ore  mixture,  and,  if  compelled, 
will  alter  his  burden  only  gradually.  He  analyses  faithfully "  all  the 
materials  before  they  are  permitted  to  go  into  the  furnace,  and 
maintains  his  slag  at  a  proper  percentage  of  bases  with  jealous  care- 
fulness. He  is  most  particular  always  to  have  the  furnace  full  up 
to  a  point  within  3  ft.,  or  at  most  4  ft,  below  the  bell,  knowing 
that  only  so  arc  the  materials  properly  distributed. 

Each  furnace  is,  of  course,  blown  separately  and  by  its  own 
engines. 

As  for  stove  temperature,  the  usual  heat  of  the  blast  varies 
from  1,000  to  1,200  degrees  Vahr.  An  extra  stove  is,  however, 
always  kept  in  reserve,  so  that,  should  the  furnace  slip,  hotter  blast 
can  instantly  be  given.  If,  on  the  other  hand,  the  furnace  should 
show  a  tendency  to  hang,  on  account  of  being  too  hot,  cold  bla^t 
is  immediately  resorted  to,  rather  than  shaking  the  furnace.  Ten  to 
twenty  minutes  of  cold  blast  generally  brings  the  furnace  down, 
provided  it  has  been  carefully  watched  and  is  promptly  taken  in 
hand. 

.  Many  furnacemcn  maintain  that  the  amount  of  blast  forced  into 
a  furnace  has  not  yet  reached  its  limit,  though  some  of  the  larger 
furnaces  now  work  under  an  average  pressure  of  between  18  to  22  lbs., 
and  receive  from  50,000  to  70,000  cub.  ft.  of  iair  per  minute.     A  large 
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volume  of  blast,  it  is  claimed,  has  the  effect  of  making  the  fiimace 
work  uniformly  all  over,  and  prevents  dirt  troubles  slips  and 
irregularities. 

Self-registering     pyrometers,     recording   gauges    and    instruments, 
many  of  them  by  the  Bristol  Gauge  Company,  Waterbury,  Con.,  are  in 


Maciiinb.  is  Position-  Kbady  for  Woi 


general  use,  placing  before  the  manager  at  all  times  graphical  reports 
of  cold  blast  pressure,  back  pressure  in  the  furnace,  temperature  of 
blast  from  each  stove,  temperature  of  outgoing  gases  at  the  top  of  the 
furnace,  steam  pressure,  volume  of  blast,  number  of  skips  hoisted,  and 
height  of  stock  line  in  the  furnace. 

The  tuyeres  of  the  modern  furnace  are  set  rather  h^h,  so  that  the 
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distance  between  the  slag  notch  and  the  tuyeres  varies  from  3  to  4  ft. 
It  is,  therefore,  practice  to  keep  the  slag  notch  closed  up  until  the  slag 
has  risen  nearly  up  to  the  tuyeres,  when  it  is  rapidly  run  out,  or,  as 
it  is  called,  flushed. 

The  iron  is  cast  without  taking  blast  off  the  furnace.  When  the  tap 
hole  is  to  be  closed,  which  is  done  by  means  of  a  "  mud  gun,"  shown 
by  Fig.  41,  the  pressure  is  reduced  to  from  5  to  6  lbs.  per  sq.  in., 
the  gun  doing  its  work  against  the  flow  of  iron  and  slag.  Thus 
from  40  to  60  minutes  per  day  are  saved,  and  the  output  from  the 
furnace  is  correspondingly  increased. 

The  tap  hole  closing  machine,  or  "mud  gun,"  invented  by  Samuel 
Vaughen,  of  Lorain,  O.,  consists  of  a  steam  or  air  cylinder,  generally 
1 1  in.  by  30  in.,  in  which  works  a  piston  controlled  by  a  plain  slide 
valve.  At  the  end  of  this  cylinder  is  attached  a  clay  cylinder  about 
7  in.  by  30  in.,  ending  in  a  tapering  5-in.  nozzle.  The  whole  gun 
is  coupled  to  the  steam  or  compressed  air  main,  and  suspended  under 
a  small  swinging  crane  attached  to  the  furnace  column  nearest  the 
tap  hole.  Between  the  columns  is  supported  at  either  side  of  the 
tap  hole,  a  traverse  bar,  often  made  from  a  3-in.  double  extra  heavy 
pipe,  fitted  at  the  centre  with  two  arms  or  prongs.  As  the  gun  is 
swung  around  and  placed  with  the  nozzle  as  deep  as  possible  into 
the  tapping  hole,  the  bar  with  the  prongs  is,  by  means  of  a  lever, 
turned  around,  so  that  the  prongs  engaging  against  protruding  brackets 
on  the  gun  force  it  against  the  aperture.  The  lever  is  then  locked 
in  position,  holding  the  gun  rigidly ;  steam  or  air  is  turned  on,  and 
the  clay  is  forced  into  the  tapping  hole.  If  one  cylinderful  of  clay 
does  not  suffice,  the  piston  is  drawn  back,  and  additional  clay  charged 
and  driven  home,  until  the  hole  is  securely  closed. 

The  materials  are  placed  in  the  furnace  in  heavy  layers,  it  being 
maintained  that  the  effect  of  the  combustion  of  the  coke  is  greater 
where  larger  quantities  of  the  fuel  are  burnt  together. 

Dolomite  and  limestone  are  often  mixed,  in  order  to  form  a  slag 
composed  of  a  three-base  silicate  of  lime,  magnesia  and  alumina, 
instead  of  a  two-base  one  of  lime  and  alumina  only  ;  the  reason  being 
that,  with  the  former,  a  more  basic  slag  can  be  run  and  better 
control  of  sulphur  obtained. 

All  weights  are  calculated  in  pounds  only,  not  in  tons,  hundred- 
weights, quarters,  and  pounds.  By  the  former  method  time  is  saved 
and  risk  of  error  is  reduced.  The  charging  scales,  whether  fixed  or 
travelling,  are  fitted  with  a  number  of  weighbeams,  generally  six.  The 
'sliding  weights  are  provided  with  locking  screws.  The  beams  are 
enclosed  in  a  box  and  kept  under  lock  and  key.  The  operator  has 
access  only  to  the  switch  which  couples  the  proper  beam  to  the  scale 
levers. 

The  method  of  filling  adopted  in  starting  a  modern  furnace, 
100  ft.  high,  22  ft.  bosh,  blown  in  during  the  summer  of  1901,  will 
be  seen  by  the  following  schedule  : — 

(a)  1 3  tons  of  coke  (below  tuyeres). 
{b)  23  chords  of  wood. 


486  AMERICAN   INDUSTRIAL  CONDITIONS. 

(c)  30  tons  of  coke  (without  limestone). 

(d)  30  tons  of  coke,  with  sufficient  limestone  for  flux   (this  la3rer 
reached  18  ft.  above  the  tuyeres). 

(e)  Charges  of:  4,000  lbs.  coke  ; 

2,000  lbs.  slag ; 
350  lbs.  limestone  ; 

up  to  a  point  31  ft.  above  tuyeres. 

(/  )  Charges  of:  4,000  lbs.  coke  ; 

1,000  lbs.  ore  ; 
1,000  lbs  slag  ; 
350  lbs.  limestone ; 
up  to  a  level  of  44  ft.  above  tuyeres. 

(^)  Charges  of :  4,000  lbs.  coke  ; 
„  2,000  lbs.  ore  ; 

„  600  lbs.  limestone  ; 

up  to  a  level  of  57  ft.  above  tuxeres. 


>» 


»> 


f//)  Charges  of :  4,000  lbs.  coke  ; 

3,000  lbs.  ore  ; 
800  lbs.  limestone ; 
up  to  a  level  of  70  ft.  above  tu\cres. 

{A'^  Then  charges  of :  4,000  lbs.  coke  ; 

4,000  lbs.  ore ; 
1,150  lbs.  limestone ; 
up  to  stock  line. 


The  coke  used  Wcis  Connellsville.     The  ore,  lumpy  Lake  ores.     The 
stone.  fairl\-  pure  calcitc. 


CHAPTER   X. 

Description  of  Some  American   Furnace  Plants 

Visited. 

A/uc  I'/irtuHw  Sftiuft'sville. — This  furnace  is  anything  but  modem, 
but  serves  as  an  example  of  what  can  be  done  with  a  modest  plant, 
when  the  indispensable  requisites — plenty  of  steam  and  plenty  of 
blast     are  provided  for. 

This  turnaee,  the  lines  of  which  are  shown  as  No.  12  on  Folding  Plate 
No.  _\  has  a  sieel  jaeketed  stack  70  ft.  high,  14  ft.  in  the  bosh,  lO-fiL 
hearth,  ;  ft.  bell.  1  i-ft.  stock  line,  and  a  capacity  of  about  8,ooo  cub.  ft. 
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The  Erie  Railway,  on  whose  line  the  furnace  is  located,  remove  tlie 
slag,  and  do  all  shifting  of  incoming  and  outgoing  materials. 

The  iron,  which  is  cast  in  sand  and  chills  in  a  small  casting  house 
holding  only  one  cast  at  a  time,  averaged  : — 

Silicon       ...         ...   I     to  li  per  cent. 

Manganese  ...     '80  „  i 

Phosphorus,  about       '095 

The  blast  temperature  was  maintained  at  900  degrees  Fahr. 

The  volume  of  air  blown  into  the  furnace  was  28,500  cub.  ft.  per 
minute. 

The  blast  pressure  varied  from  12  to  14  lbs. 

The  temperature  of  gases  at  top  averaged  400  degrees  Fahr. 

The  time  during  which  the  stock  remained  in  the  furnace  averaged 
5  J  hours. 

During  the  last  seven  months,  in  a  make  of  50,000  tons,  only  287 
tons  of  iron  had  analysed  above  -05  sulphur.  The  average  product 
for  the  last  six  months  had  been  255  tons  per  day.  The  best  month 
averaged  268  tons  per  day,  and  the  best  day's  output  reached  was 
301  tons  (later  320  tons). 

This  record  is  unique  for  a  small  furnace.  The  ores  are  about 
as  difficult  to  handle  as  it  is  possible  to  imagine.  The  stoves  are 
poor,  the  filling  is  done  by  hand  ;  the  stock  is  lifted  by  a  vertical 
hoist ;  the  casting  beds  arc  insufficient — in  short,  there  is  nothing 
modern  about  the  plant,  except  the  methods  employed  by  the  capable 
young  manager,  Mr.  E.  H.  Williams,  to  whom  aH  credit  is  due. 

The  Carrie  Plant,  Carnegie  Steel  Company. — This  plant  consists 
of  two  older  furnaces,  Nos.  i  and  2,  90  ft.  high,  19- ft.  bosh,  12  ft.  6  in. 
hearth  ;  and  two  new  ultra  modern  stacks,  Nos.  3  and  4,  which  at 
this  writing  hold  the  records  of  the  world.*  The  new  pair  of  furnaces, 
to  the  description  of  which  I  will  confine  myself,  measure  too  ft  in 
height,  23-ft.  bosh,  15-ft.  hearth,  12-ft.  bell,  17-ft.  stock  line,  and  arc 
shown  by  Fig.  3,  Plate  Xo.  2.  The  height  of  the  bosh  is  16  ft.  2  in.  above 
the  twelve  6-in.  tuyeres,  which  again  are  located  10  ft.  2  in.  above 
the  hearth  level.  The  cubic  capacity  of  each  stack  is  24,461  cub.  ft. 
The  furnaces  are  equipped  with  nine  rows  of  cooling  boxes,  24  boxes 
to  the  row.  The  shell  is  plate  jacketed.  The  hearth  is  cased  in  a 
heavy  plate  jacket.     The  tuyeres  are  set  in  massive  iron  collars. 

The  furnace  is  equipped  with  a  double  skip  hoist ;  the  charging 
method  has  previously  been  described. 

Fcr  each  furnace  there  are  four  modified  Massicks  &  Crooke's 
stoves,  21  ft.  diameter,  100  ft.   in  height. 

The  steaming  plant  consists  of  6,000-h.p.  Cahall  upright  water- 
tube  boilers,  set  in  24  units. 

The  engine  power  for  the  two  furnaces  consists  of  seven  steeple 
cross -compound  condensing  engines,  high  pressure  cylinder  45  in. 
diameter,  low  jjressure   cylinder    'j'^  in.  diameter,  blowing   tubs   78  in. 

*  Since  this  was  written  Ohio  Steel  Comjiany  No.  3  has  taken  precedence,  producing  806 

tons  in  one  day  of  24  hours. 
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diameter  —  all   with  60-in.  stroke.      Two  additional   engines,  making 
nine  in  all,  are  now  under  construction. 

They  are  served  by  a  central  Weiss  condenser,  having  two  sets 
of  air  and  circulating  pumps. 

For  serving  lifts,  stove-valves,  etc,  there  are  two  hydraulic  pumps, 
4  in.  by  10  in.,  of  Hall's  patent  type,  working  under  a  pressure  of 
450  lbs.  per  square  inch. 

The  electric  plant  consists  of  three  sets  each  of  soo-h.p.  com- 
pound condensing  Westinghouse  engines,  i8j-in.  high  pressure  cylin- 
der, 32i-in.  low  pressure  cylinder,  36-in.  stroke,  and  dynamos  for  220 
volts  direct  current. 

The  service  water  is  furnished  by  three  triple  expansion  Wilson- 
Snyder  pumps,  each  having  a  capacity  of  7,500,000  gallons  per 
24  hours. 

The  iron  is  going  directly  from  the  furnace  across  a  fire  and  hot 
metal-proof  steel  bridge  spanning  the  Monangahela  River  to  the 
steel  works  at  Homestead. 

To  take  care  of  the  sunday  iron,  are  provided  six  single-strand 
Heyl  &  Patterson  casting  machines,  having  steel  moulds  pressed 
out  of  f-in.  plate. 

Compressed  air  is  furnished  by  one  10  in.  by  10  in.  duplex 
compound  compressor  built  by  the  Rand  Drill  Company,  of  New 
York. 

The  ores  employed  are  exclusively  Lake  ores  ;  40  per  cent,  of 
them  are  dust-fine  Mesaba.  The  average  mixture  contains  524  per 
cent,  of  iron. 

Each  charge  consists  of  14,000  lbs.  of  Connellsville  coke,  5,500 
lbs.  limestone,  and  about  26,000  lbs.  of  ore. 

The   average    coke   consumption    is   given    to  be   about    1,900   lbs. 
per  ton  of  iron  made — or  17  cwts. 

The  average  temperature  of  the  blast  employed  is  1,100  degs. 

Blast  pressure  ranges  from  20  to  22  lbs. 

The  limestone  employed  contains  about — 

Per  cent., 
i^ime. . .     ...         ...         ...         ...        ^0*50 

Magnesia...         ...  ...  ...  .70 

Oiiica. ..      ...  ...  ...  ...  K  cx^ 

The  slag  averages  : — 

Per  cent. 

Lime  and  Magnesia      49  to  50 

Silica         32    „    34 

Alumina 14   „    16 

The  slag  is  handled  in  Weimer  cars. 

The  weekly  output,  which  later  has  been  increased,  was  stated  to 
have  averaged  about  4,000  tons  per  furnace.  The  best  monthly 
record  obtained  up  to  October,  1901,  was  35,000  tons  for  two  furnaces 
or   an   average  of  583   tons   per  furnace  per  day.     Since  then  No.  3 
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furnace  has  turned    out    790   tons  of  basic  open-hearth  iron  in  one 
single  day. 

These  furnaces,  Carrie  Nos.  3  and  4,  represent  in  their  construction 
the  exponent  of  all  the  experience  acquired  by  the  Carnegie  Steel 
Company.  The  design,  which  was  carried  out  by  the  present 
superintendent,  Mr.  G.  K.  Hamfeldt,  was,  I  am  told,  the  result  of  the 
co-operation  between  all  the  blast  furnace  experts  in  the  company's 
service.  The  performance  of  the  furnaces  has  proven  that  their 
experience  has  not  been  acquired  in  vain. 

The  Pioneer  Furnaces  of  the  Republic  Iron  and  Steel  Company 
at  Thomas,  near  Birmingham,  Alabama, — These  furnaces  are  run- 
ning mostly  on  foundry  iron.  They  are  located  on  a  tract  of  land 
owned  by  the  company,  and  comprising  4,000  acres  of  coal  land, 
the  scam  being  worked  measuring  4^  ft. ;  9,000  acres  of  ore  land, 
the  seam  measuring  8  ft.  ;  2,500  acres  of  limestone,  and  \  sq.  mile 
of  dolomite.  All  these  materials  are  assembled  over  the  company's 
private  railway  line. 

The  plant  consists  of  three  stacks,  Nos.  i  and  2  being  75  ft. 
high,  18  ft.  in  the  bosh,  11  ft.  6  in.  in  the  hearth,  bells  9  ft.  dia- 
meter ;  number  of  tuyeres,  12  and  16  respectively  ;  height  of  bosh,  14 
and  1 1  ft.  respectively  ;  height  of  tuyeres  above  hearth,  6  ft.  No.  3 
stack,  which  is  shown  by  Fig.  11,  Plate  No.  2,  measures  85  ft.  in  height, 
18  ft.  6  in.  in  the  bosh,  12  ft.  6  in.  hearth,  height  of  bosh  above 
tuyeres,  1 1  ft.,  height  of  hearth,  8  ft.  Stock  line  is  13  ft.  3  in.  in  dia- 
meter, bell  9  ft.  There  are  12  6-in.  tuyeres.  Just  above  the  bosh 
there  is  a  cylindrical  section  of  the  furnace  9  ft.  high.  This  furnace 
was  not  in  operation  at  the  time  of  my  visit,  but  is  built  with 
unusual  strength  and   considerable  expenditure  of  money. 

No.  3  furnace  is  equipped  with  four  22  ft.  by  80  ft.  Massicks  & 
Crooke's  stoves. 

3,000-h.p.  Wheeler  vertical  water-tube  boilers. 

Two  steeple  cross-compound  engines,  built  by  the  Rarig  Kngine 
Company,  of  Columbus,  ().,  having  42-in.  diameter  high  pressure 
cylinder,  80-in.  low  power  cx'lindcr,  and  84- in.  blowing  tubs,  all  with  a 
stroke  of  60  in. 

To  the  engines  arc  attached  a  Wheeler  condenser,  and  a  Cochrane 
feed-water  iicatcr  of  2,000-h.j). 

The  service  water  is  delivered  from  a  standpipe  125  ft.  by  8  ft. 

The  hoist  of  the  older  furn«'ices,  Nos.  1  and  2,  has  been  described 
previously  in  Chapter  Vll. 

For  No.  3  furnace  is  used  a  hoist  carrying  a  large  cylinder  which 
will  contain  an  entire  charge.  This  cylinder,  supported  on  a  car, 
descends  into  a  pit  at  the  foot  of  the  hoist  incline.  The  electric 
larries,  travelling  on  narrow-gauge  tracks  laid  on  ground  level,  col- 
lect the  charge  from  the  various  bins  and  coke  ovens,  and  deliver 
it  into  the  depressed  c}lindrical  skip,  which  then  ascends  to  the  top, 
emptying  the  charge  into  the  hopper. 

The  iron  is  cast  in  sand  in  order  to  preserve  the  fracture  which 
is  required  for  iron  to  be  exported. 

Adjacent    to    the    furnace     plant     are    910    beehive    coke    ovens 
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measuring  12  ft.  diameter  by  7  ft  in  height,  whence  the  coke  is 
brought  directly  to  the  furnace.  The  coke  is  partly  from  washed 
and  partly  from  unwashed  coal.     It  analyses  as   follows: — 


Carbon 
Sulphur 
Ash     ... 


•  •  •         •  •  • 


Coke  from  Washed  Coal. 


82-81 

•96 

14*11 


Coke  from  Unwashed  Coal. 


82*30 

1*63 

15*80 


The  consumption  of  this  coke  per  ton  of  iron  is  from  30  to 
31  cwts. 

The  ore  mixture  consists  of  soft-red  and  hard-red  ore,  brown  ore 
and  mill  cinder. 

The  average  analyses  of  these  ores  have  already  been  given  on 
page  405. 

It  requires  50  cwts.  of  ore  to  make  one  ton  of  iron. 

The  slag  produced  averages : — 

Silica     ...  ...  32*30  per  cent. 

Lime      ...  ...  45*68 

Magnesia  ..       5*00 

Alumina  ...  15*20 


The  foundry  iron,  which  represents  over  75  per  cent,  of  the  make 
of  the  works,  averages  : — 


No.  I. 

25      to  2 

•63 

•022  „ 

•05 

•51 

•13 

370 

•86 

Soft. 


Silicon               25      to  2*63  3*38 

Sulphur      '022  „     '05  '029 

Manganese       -51  -^7 

Combined  Carbon                              •!-•  -lo 

Graphitic  Carbon    ...  ^70  375 

Phosphorus       ,                 86  70 


The  average  make  for  Nos.  i  and  2  furnaces  for  the  month  of 
March,  1900,  was  given  as  209  tons  per  furnace  per  day. 

The  plant  is  considered  the  most  successful  in  the  south,  both 
economically  and  technically. 

Wharton  Furnace,  Port  Oram,  N.J.  {recent), — The  discovery  of 
a  great  body  of  magnetic  ore  in  the  Hibernia  mines  in  Northern 
New  Jersey  caused  the  construction  at  Port  Oram,  in  1901,  of  a  large 
modern  blast  furnace,  which  is  one  of  the  best  built  and  best  designed 
blast  furnaces  in  the  United  States. 

The  furnace  stack,  the  lines  of  which  are  shown  by  Fig.  6, 
Plate  No.  2  (same  as  Warwick),  measures  100  ft.  in  height,  21  ft.  bosh 
diameter,  14  ft.  diameter  of  hearth  ;  incline  of  bosh  walls  72  degrees. 
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height  of  hearth  7  ft. ;  height  of  bosh  1 5  ft  above  tuyeres,  diameter 
of  bell  II  ft.  ;  diameter  of  stock  line  i $  ft.  The  furnace  is  blown 
by  16  6-in.  tuyeres. 

The  furnace  equipment  consists  of  four  22  ft.  by  100  ft.  Cowper- 
Roberts  stoves  ; 

2,500-h.p.  Stirling  boilers ; 

Two  pairs  horizontal  tandem  independent  compound  Southwark 
engines,  44-in.  high  pressure  cylinder,  84-in.  low  pressure  cylinder,  84-in. 
blowing  tubs^-all  60-in.  stroke,  with  a  Weiss  counter-current  condenser. 

The  water  supply  is  obtained  from  two  5,000,000  gallons  Laidlaw, 
Dunn  &  Gordon  Compaily*s  three-cylinder  compound  pumps  forcing 
the  water  into  a  standpipe. 

The  electric  plant  consists  of  two  50-k.w.  sets  of  direct-coupled 
dynamos  running  at  a  tension  of  220  volts. 

Attached  to  the  furnace  is  a  Uehling  casting  machine. 

The  smoke  stack   is  225   ft.  high  by  14  ft.  inside  diameter. 

At  the  time  of  my  visit,  this  furnace  was  running  on  a  mixture 
of  three  quarters  Hibernia  and  one  quarter  Lake  Superior  ore. 

30  cwts.  ore,  half  calcined,  half  raw,  and  one  ton  of  coke,  were 
used  to  produce  one  ton  of  pig-iron. 

Hibernia  ore  is  a  magnetite  analysing — 


Iron 
Silica  ... 

57  per  cent 
.     12 

Sulphur 
Phosphorus     . . 
Lime    ... 

•02     ,, 

•3       " 
3'o      - 

Manganese 

•8       „ 

This  ore  is  assorted  at  the  mine.  The  low-grade  lumps  arc  crushed 
to  2-in.  mesh,  and  sent  over  a  rough  cobbling  separator.  It  is  projx^sed 
still  further  to  crush  the  middlings  and  tailings  from  this  separator,  to 
l>ass  them  over  a  second  fine  separator  of  the  Hall  &  Norton  patent 
type,  and  afterwards  to  briquette  the  concentrates.  The  ore  on  arrival 
at  the  furnace  is  roasted  in  36  modified  Davis-Colby  kilns,  having  a 
capacity  of  1,500  tons  per  day.  In  these  kilns  some  carbonic  acid 
water  and  the  trace  of  sulphur  arc  at  least  partly  removed,  but,  what  is 
more  important,  the  peroxide  of  the  magnetite  is  partly  transformed 
into  scsquioxide,  whereby  the  ore  is  made  more  easily  reducible.  When 
the  furnace  is  not  running,  gas  for  the  roasting  kilns  is  supplied  by 
two  Talbot  producers. 

The  furnace  produces  a  high-grade  foundry  iron,  and  is  of  particular 
interest  because  of  its  location  within  50  miles  of  New  York  Harbour. 
Having  its  own  ore  of  excellent  quality,  it  can  deliver  foundry  iron 
in  New  York  cheaper  than  any  other  plant  in  the  United  States^  and 
its  product  may,  therefore,  be  heard  of  in  the  English  markets. 

yorth  Lebanon  Furnace  of  the  Pennsylvania  Steel  Company^ 
Lebanon.  Pa. — This  furnace  is  constructed  closely  on  the  same  lines 
as  the  Port  Oram  furnace.  Its  lines  are  shown  by  Fig.  7,  Plate  Na  J. 
It  is  equipped  with: — 

Four  Massicks  &  Crooke's  stoves,  22  ft.  diameter,  100  ft  high. 
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2,000-h.p.  Babcock  &  Wilcox  boilers. 

Two  pairs  vertical  independent  compound  quarter-crank  engines 
running  from  50  to  70  revolutions.  The  cylinders  measure  42-in.  high 
pressure  cylinder,  80-in.  low  pressure  cylinder,  84-in.  blowing  tubs,  all 
6o-in.  stroke. 

The  furnace  is  blown  by  sixteen  S-in.  copper  tuyeres. 

40,000  cubic  ft.  of  air  per  minute  are  blown  into  the  furnace 
under  a  pressure  of  from  11  to  14  lbs. 

This  furnace  averages  from  200  to  250  tons  per  day,  the  highest 
output  reached  being  301  tons  for  a  single  day. 

The  fuel  is  Connellsville  coke,  running  : — 


Carbon     . . . 
Ash 

Sulphur    ... 
Phosphorus 


85         per  cent. 
10  to  II       „ 

•90      „ 
•012 


>» 


The  limestone  used  for  flux  contains  : — 


Lime 
Magnesia 
Silica    ... 
Alumina 


54  per  cent. 

/ 

•85 
•4 


i» 


n 


»> 


The  ore   is  exclusively  Cornwall  magnetite,  partly   roasted,   partly 
raw.     The  raw  ore  analyses  : — 


Iron 

Alumina 

Lime 

Magnesia 

Sulphur 

Copper ... 

Phosphorus 

The  resulting  iron  runs :   - 

Silicon  about  . . . 
Sulphur  about 

The  slag  contains  : — 

•3  111  ^ci     ...  ... 

Alumina 
Lime  ... 
Magnesia 


45  to  46*00  per  cent. 
16*90 

4*25 

3-92 

7*21 

*82 

•56 
•02 


»» 


» 


ft 


»» 


>» 


2*5  per  cent. 
•04      » 


30*5  per  cent. 

12*5 

40*0 
9*o 


j» 


>» 


45  cwts.  of  ore  are  used  to  make  one  ton  of  iron.  Considering 
the  leanness  of  the  ore,  these  are  excellent   results. 

The  Bessemer  iron  produced,  which  is  mostly  turned  into  rails, 
is  as  cheap  as  any  manufactured  in  the  United  States. 

The  roasting  kilns  employed  at  this  furnace,  as  well  as  at  Port 
Oram,  are  worthy  of  description.    A  schematic  cross  section  of  the 
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same  is  shown  by  Fig.  43.  They  consist  of  two  parallel  rows  erf 
kilns  measuring  at  the  top  6  f^.  in  length  by  2  Tt.  in  width. 
Over  each  row  of  these  kilns  is  a  railway  track,  on  which  run  trucks 
loaded  with  raw  ore  travel.  The  kilns  are  20  ft  deep,  and,  widen 
towards  the  bottom  to  3  ft  Along  one  side  of  the  kiln.s  runs  a 
combustion  chamber  fired  by  waste  gas   from  the  furnace.      On  the 


opposite  side  of  the  l<iln  runs  a  smoke  flue.  The  numerous  openings 
or  slits  through  the  brick  walls  of  the  kilns  connecting  it  with  both 
the  combustion  chamber  and  the  smoke  flue  are  built  in  such  a 
manner  that  any  dust  :.;athering  in  the  slits  will  return  by  gravity 
into  the  kiln.  The  smoke  flue  connects  with  a  collecting  pipe  Icadii^ 
to  an  exhaust  fan.  The  ore  arrives  from  the  Cornwall  mines  in 
jitandard   railway   cars  ;    it    is   dropped   from  the  cars  into  a  pair  of 
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36  in.  by  36  in.  Edison  crushing  rolls,  and  is  then  lifted  to  a  hopper 
placed  above  the  charging  tracks  on  top  of  the  kilns  From  this 
hopper,  the  automatic  charging  trucks  built  by  Messrs.  C.  VV.  Hunt 
&  Company,  New  York,  are  loaded  by  gravity.  The  truck  is  run 
down  to  the  kilns  which  are  to  be  charged,  where  the  bottom  of 
the  truck  is  dropped,  the  ore  descending  into  the  kiln,  while  the  empty 
truck  automatically  returns  to  the  storage  bin.  When  the  kiln  is 
charged,  the  top  is  closed,  and  the  valves  communicating  with  the 
gas  main  and  the  combustion  chamber  are  opened.  Sufficient  air  to 
burn  the  gas  is  admitted  to  the  combustion  chamber.  The  products 
of  combustion  passing  through  the  slits  into  the  roasting  kiln,  pene- 
trate the  column  of  ore,  and  depart  through  the  slits  in  the  opposite 
wall  into  the  smoke  flue,  whence  they  are  drawn  by  the  exhaust  fan 
and  delivered  into  the  chimney.  When  the  ore  is  calcined,  the 
door  at  the  bottom  of  the  kiln  is  opened,  and  the  ore  falls  by 
gravity  into  a  car  running  on  the  ground  level  between  the  two 
rows  of  kilns.  The  32  kilns  are  served  by  six  men  on  each  turn — 
two  top  fillers,  two  crusher  men,  one  ore  drawer  and  one  man 
unloading  ore   from  railway    cars. 

• 

Lackinvanua  Steel  Company^  Buffalo, — At  this  place  is  now  being 
constructed  one  of  the  largest  iron  and  steel  plants  in  the  world. 
Though  the  plant  is  as  yet  far  from  completion,  enough  has  been 
done  to  impress  the  visitor  most  forcibly  with  the  boldness  of  the 
design  and  the  immensity  of  the  undertaking.  The  Lackawanna 
Company,  who  hitherto  have  successfully  operated  what  in  most 
countries  would  be  considered  an  extra  modern  rail  plant,  with  steel 
works  and  furnaces,  at  Scranton,  Pa.,  found  that  the  cost  of  railway 
transport  for  Lake  ore  and  for  marketing  their  product  was  placing 
them  at  a  disadvantage.  They  therefore  secured  a  level  tract  of 
land  measuring  i  mile  by  3^  miles,  at  Stony  Point  on  the  shore  of 
Lake  Erie,  9  miles  south  of  Buffalo.  This  plot  offers  rock  founda- 
tion at  a  depth  of  80  ft.,  a  deep  water  front  accessible  for  the 
largest  Lake  steamers,  abundant  and  pure  water  supply  from  the 
Lake,  direct  connection  with  27  large  railway  systems,  navigation 
over  the  whole  system  of  the  Great  Lakes,  and  through  the  Welland 
Canal,  with  14  ft.  of  water,  and  St.  Lawrence  River  to  the  ocean 
and  the  world  at  large,  and  finally  through  the  Erie  Canal,  having 
10  ft.  of  water,  directly  to  the  Hudson  River  and  New  York.  It 
would  be  difficult  to  find  a  place  better  supplied  with  lines  of  com- 
munication. The  company  own  their  own  mines  in  the  Lake 
Superior  district,  as  well  as  the  Port  Henry  mines  in  Northern  New 
York  and  large  coal  territories  in  Western  l^ennsylvania.  Besides, 
they  control  a  considerable  share  of  the  Cornwall  ore  mountain  in 
Pennsylvania,  and  several   furnaces  located  close  to  the   same. 

It  is  their  intention  to  wash  and  crush  the  coal  at  the  mines 
in  Pennsylvania,  to  dry  it  in  hot  air  storage  houses  having  concrete 
hopper-shaped  floors.  The  coal,  when  dry,  will  be  carried  to  the 
Buffalo  plant,  where  it  will  be  unloaded  into  a  receiving  hopper. 
Froin  this  hopper,  it  will  be  shot  by  gravity  into  a  h}'draulic  press, 
in   which   it   will   be   shaped    into    blocks,   each    block    making    the 
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charge  for  one  by-product  coke  oven.  The  plant  is  laid  out  for 
i,ooo  of  these  ovens,  but  at  present  only  564  are  being  built  and 
provided  with  a  complete  plant  for  saving  by-products.  The  coal 
will  be  charged  into  coke  ovens  on  a  peel  attached  to  the  coke 
pusher.  The  pusher  will  deliver  the  ready  coke  on  to  an  apron  or 
crate  about  25  ft  by  10  ft.  by  4  ft,  which  will  be  lifted  whole  oa 
to  a  truck,  and  brought  to  the  blast  furnace  hoists.  The  chai^ng  of 
the  furnace  will  be  arranged  so  that  one  coke  oven  charge  will  form 
a  unit  of  fuel. 

A   large  harbour,   200  ft  wide,  is   being  dug    out     between    the 
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Fig.  44. — Sketch  from  Memory  of  the  Plans  of  the  Lackawanna  Stbel 
Company's  Nk\y  Plant,  under  Construction  at  Stony  Point, 

NKAR  Buffalo,  N.Y. 

coke  ovens  and  the  furnaces.  The  coke  will  be  carried  through  a 
tunnel  under  the  harbour  to  the  furnace  yard.  The  ore  ships 
arriving  in  the  harbour  will  be  served  by  four  Hulett  automatic 
unloadcrs  carrying  lo-ton  grab  buckets,  and  by  six  Brown  bridge 
tramways  arranged  along  the  harbour  and  covering  the  storage  yarf. 
The  same  harbour  will  also  serve  for  shipping  the  product  of  the 
plant. 

The  plant  is  laid  out  for  six  furnaces,  of  which  four  are  to  be  the 
largest  in  the  world.  Their  proposed  lines  are  shown  by  F^.  1, 
Plate  No.  2.     Two  large  new  stacks  are  now  under  construction,  whfle 
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two  of  the   Scranton   furnaces  have  been   torn   down   and   arc  now 
being  re-erected  at  the  Buffalo  plant. 

The  large  furnaces  will  be  the  first  in  the  United  States  to  be 
driven  exclusively  by  gas  engines.  These  engines  will  have  single  gas 
cylinders,  and  arc  being  constructed  in  the  United  States.  An  output 
of  800  tons  per  day  from  each  furnace  is  expected.  Connected  with 
the  furnaces,  there  will  be  Heyl  &  Patterson  casting  machines  and 
one  300-ton  mixer. 

Though  it  is  a  digression  from  my  subject,  it  may  be  permitted 
briefly  to  describe  the  plant  being  constructed,  as  it  was  explained 
to  me  by  Mr..  Wchrum,  general  manager  of  the  Lackawanna  Company, 
A  diagram  of  the  plant  is  drawn  from  memory,  as  shown  by  Fig.  43. 
The  plan  does  not  even  pretend  to  be  correct  as  to  dimensions,  or 
complete  as  to  railway  tracks  or  buildings.  It  is  merely  intended  to 
show  the  vastness  of  the  undertaking  and  the  number  and  variety 
of  the  departments  included,  even  before  the  finishing  departments 
are  even  mapped  out. 

It  covers  as  far  as  it  is  now  planned,  a  territory  li  miles  in  length, 
of  three-quarters  of  a  mile  in  width,  leaving  an  unused  plot  for  extensions 
and  finishing  departments  of  two  miles  in  length  and  three-quarters 
of  a  mile  in  width.  Part  ,of  the  iron  taken  from  the  blast  furnace  will 
be  delivered  into  the  300-ton  mixer.  From  the  mixer  it  will  be  passed 
on  to  a  Bessemer  plant  of  four  converters.  The  converters  will  also 
be  supplied  with  iron  shipped  cold  from  the  Cornwall  furnaces  and  re- 
melted  in  cupolas.  The  steel  ingots  are  handled  by  two  pairs  of  ingot 
strippers,  and  are  forwarded  to  two  blooming  mills,  and  thence  to  the 
rail  mill  now  being  transferred  from  Scranton.  Another  branch  of  the 
works  will  deliver  steel  from  the  Bessemer  plant  through  two  tandem 
blooming  mills  to  a  three-high  billet  mill. 

On  a  parallel  line  with  this  first  steel  plant  will  be  placed  a  Talbot 
open-hearth  plant  consisting  of  four  200-ton  furnaces,  followed  by 
a  reversing  plate  mill  of  English  style  with  separate  finishing  rolls, 
A  transfer  arrangement  between  the  open-hearth  steel  works  and  the 
plate  mill  will  deliver  steel  ingots  to  universal  plate,  bar  and  shape  mills 
standing  alongside  of  the  reversing  plate  mills. 

In  a  line  parallel  with  these  mills  follow  extensive  shops,  foundries, 
blacksmiths'  shops,  machine  shops,  etc.,  well  built  with  steel  frames, 
brick  filling  and  slate  roofs.  Overlooking  the  whole  is  placed  a  mag- 
nificent general  office  building  in  colonial  style.  Never  in  the  history 
of  iron  and  steel  has  so  large  and  many-sided  a  plant  been  planned 
and  constructed  simultaneously  in  all  its  departments. 

CHAPTER   XI. 

Direction,  Management  and  Labour. 

In  America,  the  personal  factor  in  iron  making  is  recognised  to  be 
fully  jas  important  as  that  of  plant.  It  is  not  the  guns  which  win 
the  battle,  but  the  men  who  stand  behind  them.  A  good  weapon, 
poorly  aimed,  is  not  dangerous,  but  neither  will  it  do  to  arm  good 

K    K 


498  AMERICAN   INDUSTRIAL  CONDITIONS. 

fighters  with  obsolete  jjuns.  In  the  above  report  I  have  tried  to 
show  that  the  guns — that  is,  the  plants — are  splendidly  and  powerfully 
equipped,  that  raw  materials  are  plentiful  and  good,  and  that  the 
system  of  transportation  and  handling  is  unexcelled.  In  this  chap- 
ter, I  wish  to  speak  of  the  men  as  I  have  learned  to  know  them 
during  20  years  of  association. 

Directors, — The  directors  of  iron  and  steel  and  kindred  enter- 
prises are,  as  in  other  countries,  selected  from  two  classes  :  partly  from 
amongst  the  capitalists  interested  in  the  business,  and  partly  from  the 
ranks  of  specialists  who  have  worked  and  risen  in  the  service  of 
the  industry,  and  to  whom  its  management  is  confided. 

The  individuals  arc  generally  selected  for  their  personal  business 
capacity, special'knowlcdge,  energy,  vigour  and  reputation.  The  younger 
men,  as  a  rule,  having  more  enterprise  and  endurance  than  those  more 
advanced  in  years,  are  found  on  the  boards  in  America  in  a  greater 
percentage  than  in  any  other  country  that  I  know  of. 

I  have  often  heard  it  erroneously  stated  that  the  Americans  worship 
dollars.  This  is  not  so,  because  a  rich  man  as  such  is  not  greatly 
esteemed.  What  the  American  admires  and  honours  is  the  ability 
to  do ;  that  capacity  in  a  man,  through  his  own  sagacity,  nervc^ 
enterprise  and  skill  to  create  and  employ  a  fortune.  Nobody  in  America 
seems  to  feel  above  his  work  or  degraded  by  it.  As  it  is  done,  and 
as  is  the  result  obtained,  so  is  the  man  esteemed  by  his  fellow-men, 
and  such  is  the  place  he  will  make  for  himself  in  his  community  or 
in  his  countr}'.  Everybody  works,  and  works  for  the  sake  of  work ; 
and  thus  there  has  been  produced  in  America  in  the  short  space  of 
one  generation  an  industrial  potentiality,  which  is  more  wonderful 
and  more  to  be  feared  than  the  works  and  plants  which  the.se  same 
workers  have  created. 

Nowhere  is  the  strug*;ling  youth  more  kindly  encouraged,  more 
readily  trusted,  more  generously  aided,  more  gladly  made  place  for» 
than  in  America,  and  when  I  say  this  I  speak  from  personal  experience^ 
and  with  gratitude  in  vc\\  heart  towards  many  of  those  busy  and 
keen,  but  also  generous  and  broad-minded  American  men  of  afiairs. 

*'  Why,"  said  a  prominent  and  successful  man  of  the  older  genera- 
tion when  discussin<;  life  in  America,  *'  Here  you  have  to  be  in 
business  if  you  want  to  be  happy.  If  you  quit  business  you  have  no  com- 
pany." A  younger  man  present,  who  has  made  his  own  millions,  heartily 
endorsed  the  speaker  ;  and  it  must  not  be  forgotten  that  business  in 
America  means  work,  and  that  both  these  successful  men  knew  this 
from  their  own  experience. 

During  my  late  visit,  one  of  the  most  successful  American  iron 
and  steel  works  owners,  the  Nestor  of  his  class,  and  a  prominent 
man  in  politics  and  public  affairs,  said,  when  talking  of  his  life  work : 
"  I  can  honestly  say  that  I  have  never  worked  to  make  money  for 
the  sake  of  money.  I  have  alwa\'s  tried  to  do  my  best  to  succeed 
in  what  I  undertook.  My  pleasure  has  been  to  organise  and  develop^ 
my  greatest  enjoyment  to  watch  the  growth  and  prosperity  of  my 
work.  The  money  part  then  took  care  of  itself.*'  And  yet  this  man 
has  not  been  a  slave  of  his  work.  His  life  has  been  a  rich  and 
generous  one,  brought  into   intimate  contact  with  the  great  men  and 
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great  events  of  his  time,  varied  by  travel,  politics  and  literary  occu- 
pations ;  but  first  and  dearest  to  him  is  his  life  work,  those  great 
and  commanding  works,  and  to  them  he  gives  to-day  his  time  and 
brains  as  he  did  in  his  youth. 

Though,  as  I  have  said,  many  of  the  directors  are  specialists, 
men  who  minutely  understand  their  business,  their  good  judgment 
and  keen  sense  of  proportion  makes  them  trust  all  details  to  their 
managers.  Another  characteristic  is  their  patience  in  awaiting  results, 
which  often  turns  a  seeming  failure  into  success.  Though  patient, 
they  are,  however,  the  most  energetic  of  men,  ready  to  overcome 
obstacles  and  to  revolutionise  existing  conditions,  instead  of  bending 
and  submitting  to  them.  In  this,  they  are,  of  course,  greatly  aided 
by  the  vastness  of  their  country,  its  enormous  resources,  and  the 
comparative  freedom  from  antiquated  institutions  and  accumulated 
traditions,  which  at  every  step  hamper  progress  in  older  countries. 

In  the  south,  conditions  of  ownership  and  direction  have  hitherto 
been  exceptional.  The  southern  iron  industry  began  with  the  dis- 
covery and  bringing  to  notice  of  the  ore  and  coal  deposits  of  Virginia, 
Tennessee,  and  especially  Alabama  during  the  years  1878  to  1882. 
At  that  time  the  rich  southern  land  had  hardly  begun  to  recuperate 
from  the  effects  of  the  great  Civil  War,  which  has  robbed  it  of  its 
best  men,  its  labour  and  its  capital.  F'ifteen  years  had  not  sufficed  to 
heal  the  grievous  wounds,  or  to  create  capital  for  new  enterprises. 
When  the  discoveries  of  coal  and  iron  ore  were  made,  it  was,  there- 
fore, in  the  north  that  the  money  was  found  for  e.xploiting  them. 
The  southern  men  realised  the  enormous  importance  of  securing 
industries,  but  also  lacked  experience  of  the  means  required.  Esti- 
mates were  procured  from  contractors  for  furnace  plants  of  the  flimsiest 
description.  On  the  basis  of  these,  glowing  prospectuses  were  drawn 
up,  proving  that  small  investments  would  reap  golden  harvests.  The 
moderate  sums  considered  sufficient  were  subscribed  by  northern 
capitalists,  who  were  attracted  by  the  hope  of  profit,  but  as  a  rule 
knew  nothing  of  the  business  they  were  embarking  in.  With  poorly 
built  plants,  insufficient  working  capital,  and  new  and  unknown  condi- 
tions to  meet,  the  iron  industry  of  the  south  was  started  in  a  country 
without  any  market  for  iron.  The  boom  broke  as  suddenly  as  it 
had  been  started.  Stockholders  and  directors  forgot  all  about  the 
really  substantial  foundation  of  handy%  if  not  high  class,  raw  materials. 
The  necessary  funds  to  develop  and  reconstruct  were  refused  by  men 
smarting  under  the  disappointment  of  the  non-appearance  of  divi- 
dends. The  one  plant  after  the  other  was  put  out  of  blast,  towns 
were  abandoned,  trees  grew  up  between  the  rails  of  the  mineral 
railways  ;  decay  and  hopelessness  succeeded  the  feeling  of  extreme 
buoyancy. 

One  of  the  leading  men  in  the  southern  iron  world  said,  when 
speaking  of  the  past :  '*  One,  and  the  principal  reason,  why  the  iron 
industry  of  the  south  has  not  been  successful  is,  that  the  works  have 
been  owned  in  the  north,  and  that  the  owners  have  not  personally 
devoted  their  time  to  the  business,  or  even  understood  its  require- 
ments." 

In  recent  years  a  reconstruction  has  taken  place.     Specialists  have 
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taken  the  helm.  Money  is  more  plentiful.  The  southern  country 
has  grown  in  wealth  and  industries,  and  the  products  have  become 
more  diversified.  The  promise  for  the  future  is,  therefore,  bright 
Southern  steel  and  southern  iron  are  becoming  a  factor  in  the  iron 
business  of  the  outside  world,  which  it  would  be  most  unwise  to 
neglect. 

Managers, — The  sagacity  of  the  directors  is  especially  noticeable 
in  their  selection  of  managers.  Mr.  Charles  M.  Schwab  said,  during 
an  interview,  while  speaking  of  the  great  corporation  of  which  he 
is  the  head  :  **  We  pay  high  salaries  because  it  is  economy  to  do  sa 
A  good  income  attracts  first-class  men,  and  such  a  man  will  earn 
his  salary  over  and  over  again." 

Another  prominent  ironmaster  said :  "  We  want  a  manager  who 
not  only  keeps  our  works  going,  looks  after  men  and  plant,  and 
repeats  to-morrow  what  he  did  to-day,  and  next  year  what  he  did 
during  the  last  ;  wc  demand  of  our  manager  that  he  looks  ahead, 
watches  and  keeps  us  informed  of  the  trend  of  the  times,  and  the  pro- 
gress daily  making  in  our  industry ;  that  he  devises  means  and 
methods  to  meet  altered  conditions,  and  to  keep  our  business  in 
the  front  rank.  It  is  not  enough  that  he  works  up  to  the  level  of 
others.  He  must  constantly  endeavour  to  do  a  little  better,  accom- 
plish a  little  more,  save  a  trifle  here,  improve  a  detail  there.  As 
for  the  blast  furnace  manager  who  has  not  learnt  more  during  the 
time  his  furnace  has  been  working  than  to  put  it  into  blast  again, 
after  repairing  it  on  the  same  lines  as  last  time,  without  seeing  his 
way  to  improve,  to  strengthen,  and  to  make  more  effective  his  furnace ; 
we  have  no  use  for  that  class  of  men." 

"  Wc  want  young  men  who  have  not  had  time  to  wear  themselves 
into  a  groove,*'  said  another  leader,  "  young  college  men  preferably, 
who  arc  not  too  genteel  to  work  their  way  up  from  the  bottom  ;  or 
wc  like  young  fellows  who,  without  educational  opportunities,  have 
shown  the  spirit  and  ability  to  acquire  an  education  while  working 
in  shop  or  office.  When  a  college  graduate,  who  shows  that  he  has 
the  right  stuff  in  him,  reaches  the  age  of  25  to  30  years,  he  is 
ready  for  a  position  of  trust.  When  men  get  older  they  may  have 
acquired  a  wider  experience,  and,  therefore,  become  more  valuable 
as  specialists,  but  for  managers  and  executives  we  select  young  men 
with  brains  and  education." 

American  methods  are  apt  to  develop  such  young  men,  Boys 
graduate  from  the  High  School,  which  is  the  highest  grade  of  the 
American  public  school,  at  the  age  of  about  17  years,  with  a  very  fair 
general  education.  A  }'car  or  two  spent  in  practical  work,  and  another 
half-year  in  a  preparatory  course,  and  the  young  man  is  ready  to 
enter  on  his  four  years  of  university  training.  Excellent  universities 
and  colleges  abound,  having  a  curriculum  specially  adapted  for 
developing  practical  usefulness  in  after  life.  The  ample  pecuniary 
endowment  of  many  of  these  colleges  puts  them  in  a  position  to  fumi^ 
the  most  excellent  teachers,  apparatus  and  laboratories,  and  when  a 
young  engineer  at  the  age  of  about  22  to  23  enters  on  his  profession; 
he  has  at  least  learned  how  to  learn,  how  to  teach  himself^  how  to 
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reason  logically,  and  he  has  acquired  that  power  and  broadness  of  view 
which  knowledge  gives..  Whether  these  young  men  in  after  life  keep 
up  the  details  of  their  school  knowledge  or  not,  they  will  still  have 
that  education  which  Americans  define  as  that  "something  which  a 
man  retains  when  he  has  forgotten  all  that  he  has  once  learned  at  school." 
What  more  he  needs  of  practical  experience  to  fit  him  for  a  position 
in  his  chosen  branch,  he  now  acquires  with  great  rapidity,  and  if 
he  has  the  common  sense,  brains  and  will  power,  which  no  amount 
of  schooling  can  give  him,  he  is,  before  long,  found  out  and  placed  at 
his  proper  level. 

Of  the  21  blast  furnace  works  which  I  visited,  i8  were  managed 
by  college  graduates,  the  majority  of  whom  were  young  men. 

While  it,  undoubtedly,  is  an  error  to  permit  theory  to  be  your 
master,  instead  of  the  most  valuable  servant  of  your  common  sense 
it  is,  however,  undeniable,  that  the  exactitude  and  analytical  habits 
of  a  scientifically  trained  manager  exercise  a  valuable  influence  on 
the  operation  of  the  works  confided  to  his  care. 

The  laboratory  in  the  hands  of  a  young  man  equipped  and  aspiring 
one  day  to  step  into  the  manager's  place,  furnishes  valuable  and  never 
neglected  information.  The  phenomena  of  manufacture  are  carefully 
noted,  studied  and  explained  for  future  guidance  and  reference. 
No  particle  of  material  is  permitted  to  pass  into  or  leave  the  fur- 
nace without  being  analysed,  and  the  analyses  are  scrutinised  and 
observed. 

Not  less  important  is  the  draughting  office,  and  how  systemati- 
cally and  completely  its  work  is  done  is  best  realised  by  quoting  the 
legend  often  found  printed  on  American  shop  drawings :  "  Stick  to 
measurements,  add  nothing,  change  nothing,  report  all  errors."  At 
the  first  glance,  it  may  seem  that  this  is  carrying  system  too  far,  but 
it  is  money  well  spent  in  the  office,  and  over  and  over  again  saved 
in  the  shop.  At  the  same  time,  this  system  gives  valuable  and 
thorough  training  to  the  young  who  are  getting  themselves  ready 
for  their  life  work. 

I  do  not  wish  to  convey  the  idea  that  every  man  on  the  board  of 
an  American  iron  company,  or  every  man  who  manages  an  American 
furnace  is  of  the  type  which  I  have  sketched,  but  I  have  tried  to  hint 
at  the  kind  of  men — the  majority  by  a  goodly  margin — against  whom 
the  European  ironmasters,  when  the  next  general  depression  arrives, 
must  contend  in  the  struggle  for  markets  and  profit. 

Amongst  American  managers  is  often  found  a  reminder  of  the 
college  spirit  and  comradeshi[)  of  youth.  Each  man  feels  attracted 
to  his  fellows  working  in  the  same  field.  They  meet,  exchange 
views  to  mutual  benefit,  and  are  always  ready  either  to  ask  or  to 
give  each  other  assistance  or  information.  To  this  fellow  feeling 
contributes  greatly  the  congenial  and  hearty  tone  prevailing  at  the 
meetings  of  the  American  Engineering  Societies  first,  and  last  the 
American  Institute  of  Mining  Engineers.  Few  of  us  who  have  been 
privileged  to  meet  and  know  the  men  who  are  the  leaders  of  this 
society  but  can  thank  them  for  many  a  friendship  and  many  a  hint 
which  has  helped  to  make  our  professional  life  more  easy  or  more 
profitable;      As   an   example  of  this   spirit   it   hapixined,   during   my 
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recent  stay  in  America,  that  an  isolated,  large  modern  bla^t  furnace^ 
through  a  serious  breakdown,  came  near  being  chilled.  There  were 
only  two  men  to  divide  the  disheartening  work  of  trying  to  save  the 
furnace,  the  manager  and  his  assistant.  Both  soon  became  thoroughly 
worn  out,  and  their  bodily  fatigue  was  reacting  on  their  spirits.  One 
blustery  afternoon,  two  young  blast  furnace  managers,  both  with  fine 
reputations  and  excellent  records,  appeared  at  the  furnace,  having  come 
from  a  distance,  travelling  bag  with  working  outfit  in  hand.  "Say, 
old  man  ;  we  heard  you  had  trouble,  and  we  know  you  are  short- 
handed  ;  we  came  up  to  see  if  we  could  not  take  shifts  and  do 
what  we  can  to  help  pull  you  through."  And  be  it  said  to  the 
honour  of  the  manager  in  trouble,  he  was  not  too  vain  to  accept 
the  offered  assistance  which  his  neighbours  had  shown  the  goodwill 
and   faith  in   his  broadmindedness  to  venture  to  offer. 

Talking  to  a  very  able  young  manager  about  giving  information 
regarding  working  conditions  and  results,  he  said :  "  It  would  be 
stupid  of  mc  to  refuse  a  colleague  information.  I  am  now  doing  as 
well  as  I  know  how.  If  anyone  else  by  the  help  of  the  knowledge 
of  what  I  have  accomplished,  can  improve  on  it,  the  benefit  is  mine, 
and  I  will  improve  with  him.     No  one  man  can  know  it  all." 

Labour, — In  regard  to  American  labour.  President  Roosevelt 
expresses  himself  in  his  recent  message  to  the  United  States  Congress, 
in  the  following  terms  :  "  American  wage- workers  work  with  their  heads 
as  well  as  their  hands.  Moreover,  they  take  a  keen  pride  in  what 
they  are  doing ;  so  that,  independent  of  the  reward,  they  wish  to  turn 
out  a  perfect  job.  This  is  the  great  secret  of  our  success  in  competition 
with  the  labour  of  foreign  countries.'* 

As  far  as  the  writer  can  judge  from  his  own  experience  in  the 
United  States,  as  well  as  in  Great  Britain,  in  Sweden,  and  on 
the  European  Continent,  the  President's  statement  is  unquestionably 
correct.  But  the  American  workman,  often  brought  up  in  a  self- 
respecting  home  of  comparative  comfort,  educated  in  a  good  school, 
having  breathed  from  childhood  that  atmosphere  of  independence  and 
self-reliance  which  is  the  unique  blessing  of  America,  and  having  been 
taught  that  he  is  an  ecjual  in  rights  and  opportunities  with  any  other  man 
in  the  land,  is  not,  generally  speaking,  going  to  rest  content  to  be 
a  hewer  of  wood  or  a  drawer  of  water.  lie  can  think,  therefore  he 
soon  devises  easier  and  more  attractive  ways  of  earning  his  bread. 
His  ingenuity,  goodwill  and  application  fit  him  for  better  duties.  Thus 
it  is  that  around  American  blast  furnaces,  the  American  is  found  in 
a  very  decided  minority.  He  may  be  a  foreman,  master  mechanic, 
blast  engineer,  locomotive  driver  or  stove  tender,  but  he  will  not  work 
84  hours  per  week  shovelling  ore  or  wheeling  scrap.  For  these  duties 
are  employed  in  the  south  the  negroes,  and  at  the  northern  furnaces 
immigrants,  mostly  Irish,  Slavs  or  Italians.  .The  material  available 
in  America  for  training  blast  furnace  hands  is,  therefore,  not  as 
good  as  is  found  in  England,  Germany  or  Sweden.  The  language 
is  a  first  and  not  a  mean  difficulty.  This  overcome  there  is  the 
ignorance  and  awkwardness  of  many  of  the  men. 

Here  the   American  manager  shows   his  great  ability  by  getting 
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Unparalleled  results  with  an  anything  but  first-class  crew.  By  pitting 
different  nationalities  against  one  another  a  wholesome  rivalry  is  set 
up.  The  successful  or  deserving  are  encouraged  and  promoted.  The 
laggards  and  incompetents  are  soon  got  rid  of.  The  men  arc  made 
to  feel  that  nothing  but  their  own  ability  and  efficiency  limits  their 
progress  and  advancement,  no  matter  what  their  nationality  or  origin 
may  be.  The  man  who  simply  does  what  he  is  told  as  long  as  he  is 
watched,  and  leaves  at  the  first  sound  of  the  whistle,  whether  his  work 
be  done  or  not,  is  sure  before  long  to  be  replaced  by  another  man 
who  thinks  more  of  his  job  and  of  his  future  than  of  the  hands  of  the 
clock. 

Labour  Unions  practising  the  policy  of  impeding  progress  and 
curtailing  output,  are  not  tolerated  in  the  American  blast  furnace 
works.  As  far  as  the  writer  knows,  such  an  organisation  is  to  be 
found  in  only  one  rather  unimportant  plant  located  in  the  centre  of 
a  great  city,  and  the  experience  with  the  union  at  this  place  has 
been  such  as  to  make  owners  and  managers  resolutely  set  their  face 
against  all  attempts  to  introduce  similar  societies  at  their  works. 
Agitation  amongst  fellow-workers  or  expressed  leanings  towards 
unionism  are,  therefore,  considered  good  reasons  for  discharge  as 
soon  as  the  opportunity  offers.  It  is  not  the  men  themselves  that 
the  manufacturers  fear,  but  the  unscrupulous  agitators  who,  with  a 
despotism  never  equalled  by  employers,  domineer  over  the  men,  and 
who,  without  the  knowledge,  judgment  or  ability  to  conduct  a  large 
business,  presume  to  dictate  how  such  an  affair  shall  be  managed. 
With  unions  such  as  are  known  in  some  other  lands,  I  venture  the 
emphatic  statement  that  blast  furnace  work  as  successfully  carried 
out  to-day  in  America  would  be  impossible. 

Work  around  the  blast  furnace  is  carried  on  in  two  shifts  of  12 
hours  each,  or  in  some  cases  by  1 1  hours  day  shift  and  13  hours  night 
shift.  The  bulk  of  the  heavy  drudgery  has  been  obviated  by  the  use  of 
machinery.  There  is  no  pig-lifting,  no  hand  shovelling  of  stock,  no 
hauling  of  charging  barrows.  All  the  tedious  clay  work  around  the 
hearth,  and  incessant  changing  of  tu\'eres,  is  done  away  with.  But 
after  all  this  is  done,  blast  furnace  work  is,  and  will  remain,  a  hard 
occupation,  requiring  endurance  and  muscular  strength.  Of  the  crude 
immigrants  who  arrive,  and  are  willing  to  take  it  up,  only  a  moderate 
percentage  have  the  necessary  strength  and  intelligence  to  fit  them 
for  the  work.  Being  without  friends  or  home,  they  feel,  however, 
that  on  their  own  efforts  depends  their  existence,  and  one  must 
do  them  the  justice  to  say  that  they  work  hard  and  well  and 
require  little  or  no  driving.  The  percentage  of  time  lost  is  very 
small.  Any  man  who  shows  himself  irregular  or  indifferent  is  promptly 
removed. 

At  some  furnaces  in  the  south,  only  three  men  on  each  shift  are 
whites.  The  opinion  regarding  negroes  as  blast  furnace  workers  varies. 
But  it  is  generally  recognised  that  the  blacks  have  little  realisation 
of  the  importance  of  regularity  of  attendance.  They  require  to  be 
continually  supervised  and  cajoled,  rather  than  driven.  In  spite  of 
everything,  they  are  apt  to  leave  their  work  if  a  circus  or  other 
popular  amusement  should    arrive   in    the  neighbourhood    where    they 
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ic  some\v-hat  lower  rates  paid  to  the  coloured  workmei^ 

;,  thereiore,  more   than  neutralised  by  their  unreliability  and    other 

[ings.      There  are,  however,  numerous   exceptions  to  this   rule,  aiid 

have  personally  known    and   supervised   hundreds   of   coloured  iron 

■■^rkers  capable   of  competing    with    white    labour    in    any    countrj', 

iC  hot  climate  of  the  south  would  also  make  it  difficult  for  white  men 

perform  such    heavy  manual  labour,  so  that,  good    or   bad,  the  iron 

.isters  are  dependent   on  the   coloured    population    for  this   class  of 

ork. 

At  one  particular  furnace  which  I  visited,  the  manager  expressed 
.imself  perfectly  satisfied  with  his  coloured  workmen.  At  no  time 
jring  the  past  two  years  had  he  been  short  of  labour,  though  he 
:pt  only  four  spare  men  around  the  furnace  plant. 

The  cheapest  and  best  blast  furnace  labour  is  found  in  Eastern 
jnnsylvania,  where  the  crews  are  recruited  from  the  native  I'enn- 
Ivania  Dutch.  These  men  arc  regular  and  saving  in  their  habits, 
.nd  though  their  ])ay  is  not  high,  many  of  them  own  their  own  homes 
ind  feel  more  or  less  identified  with  their  towns  and  the  business 
interest  for  which  they  are  working.  Amongst  these  men.  there  is 
hardly  ever  the  question  of  a  strike,  dictation  to  ithcir  masters,  cur- 
tailing output,  or  any  other  of  the  e\'ils  with  which  the  labour  unions 
have  made  us  familiar.  Without  being  particularly  bright  or  of 
'uperior  intelligence,  these  men  are,  therefore,  very  valuable  as  blast 
urn  ace  workers. 

Below  will  be  found  a  table  of  rates  paid  in  October,  jgoi,  at 
furnaces  in  different  sections  of  America,  and  also,  for  comparison, 
giving  the  rates  paid  in  October,  1901,  at  furnaces  in  the  West  Cum- 
berland and  Middlesbrough  districts  of  England.  The  figures  have 
been  given  me  by  the  managers  of  the  different  works.  The  rates 
are  all  given  per  12  hours,  which  means  i  shift  in  America  or  1^ 
shifts  in  l''ngland.  Where  prices  have  been  left  out,  information  has 
not  been  received  in  regard  to  thcni.  It  will  be  seen  that,  hour  for 
hour,  there  is  little  difference  between  American  and  British  wages, 
but  when  the  output  of  the  furnace  is  taken  Into  consideration,  the 
American  masters  have  a  great  advantage  :^ 
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Comparative  Bi^st  Furnace  Wages  in  Umteh  States  and  in  England, 
October,  1901, 
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The  above  rates,  unless  otherwise  stateci,  represent  the  wages  paid 
per  12  hours  shift  (i  shift  in  America,  i^  shifts  in  England). 


SD6  .AMERICAN   INDUSTRIAL    CONDITIONS. 

CHAPTER  XII. 

Future  Markets  for  American  Iron  and  Steel. 

At  present,  all  the  activity  displayed  in  enlarging,  rebuilding 
and  in  construction  of  new  iron  and  steel  plants  has  not  provided 
sufficient  capacity  to  fill  the  demand  of  a  nation  growing  largely, 
not  only  in  population,  but  still  more  in  wealth  and  industrial 
development.  It  is  said  that  the  amount  of  iron  and  steel  consumed 
per  annum  per  caput  of  population  is  a  true  index  of  the  civilisa- 
tion of  a  nation.  If  this  be  correct,  then  America's  people  stand 
ahead  of  all  others  on  the  globe,  because  nowhere  else  is  iron  and 
steel  used  so  lavishly  and  in  so  many  forms  as  in  the  United 
States.  Millions  of  miles  of  telegraph  and  telephone  wires,  other 
millions  of  miles  of  barbed  wire  fence,  over  200,000  miles  of  rail- 
ways with  an  equipment  of  over  a  million  freight  cars  and  about 
40,000  locomotives,  steel  buildings  up  to  30  storeys  in  height, 
thousands  of  miles  of  pipe  lines  sending  a  steady  flow  of  mineral 
oil  from  distant  regions  to  the  seaports,  or  distributing  the  waters 
of  the  mountain  streams  over  the  vast  stretches  of  arid  plains,  and 
all  other  staple  articles  into  which  the  metal  is  formed,  have  not 
only  absorbed  the  whole  of  America's  production  of  iron,  which  in' 
the  year  1900  amounted  to  13,789,242  tons,  but  a  deficiency  in  the 
supply   had  to   be   filled    by   importation   of  German    steel. 

But  the  greater  the  present  activity,  the  more  enormous  the 
call  for  steel  in  all  its  various  shapes,  the  greater  is  also  the  danger 
that  when  this  demand  falls  off,  even  by  a  small  percent^e,  this 
small  percentage  in  the  shape  of  hundreds  of  thousands  of  tons 
of  material  which  must  be  disposed  of,  will  be  thrown  on  to  the 
markets  of  the  world,  and,  with  the  usual  American  energy,  placed 
in  competition  with  the  product  of  other  countries.  At  first,  of 
course,  the  neutral  and  colonial  markets  will  be  canvassed,  but  if 
the  over  production  should  fill  even  these,  an  aggressive  export 
business  of  American  iron  and  steel  products  into  Europe  must 
be   feared. 

It  is  not  likely  that  any  large  quantity  of  American  iron  will 
find  its  way  abroad  in  the  shape  of  pig-iron,  except,  of  course, 
foundry  iron,  of  which  a  considerable  quantity  is  coming,  and  more 
will  come,  into  European  markets.  But  the  bulk  of  American  metal 
will  appear  in  the  shape  of  finished  steel.  Billets,  rails  and  shapes, 
locomotives,  cars,  brid<i^cs,  wire  nails,  tools,  plates  and  bars  arc  some  of 
the  articles  which  the  excellent  equipment  and  large  productive 
capacity  of  the  American  shops  and  works  will  make  it  possible 
to   sell    at   low    prices. 

When  speaking  of  costs,  it  is,  of  course,  impossible  to  quote  the 
source  of  information,  but  the  figures  which  I  give  below  are,  I  am 
confident,  bona  fide,  and  were  given  me  by  men  who  are  thoroughly 
familiar  with    this  subject. 

lumndry  Iron  is  likely  to  be  shipped  partly  from  eastern 
furnaces,   partly   from    the   south.     A   large   furnace    in     New   Jersey 
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can  now  manufacture  No.  i  foundry  iron  at  a  cost  of  36s.  6d. 
The  freight  rate  to  New  York  is,  for  ordinary  business,  2s.,  and 
somewhat  less  for  export.  From  New  York  to  Liverpool,  freights 
for  pig-iron  vary  from  6s.  to  12s.  per  ton.  No.  i  foundry  iron 
might,  therefore,  at  the  present  time  be  delivered  in  Liverpool  at 
from   44s.  6d.  to  50s.  6(1.  per  ton,  not  allowing  for  profit. 

At  Birmingham.  Ala.,  foundry'  iron  to-day  is  costing  about 
37s.  6d.  per  ton.  This  iron  is  produced  in  old-fashioned  furnaces 
with  heavy  coke  consumption,  expensive  labour  and  small  output. 
Mr.  Don  Bacon,  the  recently-elected  chairman  of  the  Tennessee 
Coal,  Iron  and  Railroad  Company,  has  been  publicly  quoted  as 
saying  that  he  expects  to  bring  down  the  cost  of  foundry  iron  in 
this  district  to  25s.  per  ton.  From  Birmingham,  the  iron  would  be 
shipped  to  one  of  the  following  five  ports : — 

New  Orleans,  La....  ...  ...  ...  417  miles. 

Brunswick,  Ga.      ...  ...  ...  ...  448      „ 

Savannah,  Ga.        ..  ...  ...  ...  448      ,, 

Mobile,  Ala.  ...  ...  ...  ...  276 

Pcnsacola,  Fla.      ...  ...  ...  ...  255 


The  railway  freight  for  export  from  Birmingham  to  either  of 
these  places  is,  to-day,  5s.  lod.  per  ton.  The  .sea  transport  for 
iron  carried  as  ballast  in  cotton  ships  to  Manchester  is  8s.  per 
ton.  Southern  foundry  iron  can,  therefore,  to-day,  be  delivered 
in  ship  in  Manchester  at  a  cost  of  51s.  4d.  per  ton  ;  but  if  the 
prediction  of  the  head  of  the  leadinj^^  southern  iron  company  should 
be  verified  (and  there  is  no  question  but  what  costs  in  the  .south 
will  be  rapidly  reduced),  southern  foundry  iron  laid  down  in 
Manchester   may   before   long   cost  as  little  as  38s.   lod.  per  ton. 

How  far  panic  prices  of  labour,  machinery,  fuel  and  freights  will 
tend  further  to  reduce  these  figures  remains  to  be  seen. 

The  north  will  not  compete  abroad  with  pig-iron.  At  present 
Bessemer  iron  in  the  Ohio  Valleys,  or  at  Wheeling,  is  said  to  cost 
45s.  lod.  per  ton.  The  lowest  average  converting  costs  may  be  taken 
at  i6s.  8d.  Steel  billets  in  the  Wheeling  district  do,  therefore,  at 
present  cost  62s.  6d.  per  ton.  In  times  of  low  prices,  iron  has,  however, 
been  made  for  34s.  4d.,  and  conversion  into  steel  has  actually  been 
accomplished  for  15s.  per  ton.  The  lowest  possible  cost  for  billets 
in  the  Wheeling  district  may,  therefore,  be  estimated  at  about  49s.  4d. 
per  ton,  or  say  50s.  The  ordinary  freight  rate  from  Wheeling  or 
Pittsburg  to  Baltimore  is  6s.  3d.  per  ton,  but  has,  for  export  business, 
been  done  at  4s.  8d.  Ocean  freight  has  varied  from  6s.  to  12s. 
Assuming  the  average  freight  at  los.  per  ton,  to  which  figure  the 
Americans  confidently  expect  to  bring  it  down,  when  having  their 
own  ships,  steel  billets  could  at  the  present  high  prices  be  laid  down 
in  Liverpool  at  a  cost  of  78s.  gd.,  but  may,  if  times  go  down,  be 
expected  to  arrive  at  a  cost  of  about  64s.  8d.  per  ton. 

It  must  be  borne  in  mind  that  the  costs  quoted  above  are  based 
on  market  price  of  raw  materials,  but  as  most  of  the  large  steel 
producers    control    their    own    ore,   fuel    and    flux,    the    cost    to    pro- 
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clucers  cannot  be  ascertained,  but  must  be  less  than  the  prices  named 
above. 

In  an  interview,  Mr.  Charles  M.  Schwab  made  the  statement 
that  his  pohcy  would  be  to  keep  the  plants  of  the  United  States 
Steel  Corporation  going  at  their  full  output,  which,  at  their  present 
rate  of  production,  represents  about  nine  million  tons  of  steel  per 
year,  "  We  will  sell  all  we  can  at  home,"  he  said  :  **  what  we  cannot 
sell  at  home  we  will  find  a  market  for  abroad,  and  we  will  rather 
sell  at  a  slight  loss  than  curtail  our  production."  The  wisdom  of 
this  policy,  from  an  American  point  of  view,  cannot  be  doubted.  The 
men  who  wield  the  destiny  of  two-thirds  of  the  most  important 
industry  in  the  largest  industrial  country  in  the  world,  have  in  their 
hands  an  incalculable  power  for  good  or  evil.  A  sudden  move  on 
their  part  towards  curtailing  production  would  at  once  throw  the  iron 
business  and  all  kindred  industries  into  a  panic.  The  United  States 
Steel  Corporation  supports,  in  supplying  the  wants  of  their  works, 
hundreds  of  other  plants — engine  and  boiler .  manufacturers,  makers 
of  paints,  oils  and  other  lubricants,  pipe  fittings,  tools,  brass  goods, 
lumber,  brick,  cement,  stationery,  chemicals,  instruments  and  what 
not.  As  long  as  the  works  of  the  corporation  keep  going  apace, 
taking  their  usual  supplies,  all  these  industries  and  their  hundreds  of 
thousands  of  employes  will  be  kept  in  activity.  A  sudden  retrench- 
ment or  partial  stoppage  on  the  part  of  the  giant  corporation  would 
immediately  throw  thiem  all  into  partial  idleness  and  create  widespread 
financial  distrust  and  distress. 

While  unchecked  and  unlimited  competition  in  the  iron  industr}' 
was  the  order  of  the  day  in  America,  such  sudden  stoppages  did 
come  periodically  and  with  scant  warning,  causing  great  and  unex- 
pected fluctuations  in  prices  and  changes  in  economical  conditions. 
It  is  to  be  hoped,  and  many  believe,  that  the  Steel  Corporation  will 
make  the  world  its  debtor  by  usnig  its  great  influence  in  its  own 
interests  as  in  that  of  others,  to  prevent  and  minimise  these  sudden 
fluctuations. 

From  our  point  of  view  in  England,  on  the  other  hand,  this  policy 
certainly  carries  with  it  great  menace.  The  Steel  Corporation  controls 
a  practically  unlimited  capital,  and  the  best  mines,  the  best  coke,  the 
best  plants,  the  best  lines  of  communication,  the  ablest  managers,  and 
the  most  perfect  selling  arrangements.  When  this  great  syndicate 
deliberately  decides  to  sell  a  certain  small  percentage  of  their  enormous 
output  at  cost,  or  even  at  a  loss,  in  our  own  territory,  such  an  action 
will  be  apt  to  demoralise  our  prices,  and  to  send  us  through  such  a 
period  of  reorganisation,  failures  and  destruction  of  capital  as  America 
experienced  in  the  long-to-be-remembered  years  between  1S93  and 
1897.  But  as  America,  during  these  years,  after  learning  the  dearly 
bought  lesson,  pulled  itself  together  and  created  the  present  successful 
organisation  of  its  iron  and  steel  business,  so,  I  have  no  doubt,  will 
Great  Britain  do. 

There  is  no  point  in  the  world  that  need  teach  Middlesbrough 
a  lesson  in  the  cheap  production  of  iron  and  steel.  The  Durham  coke 
if  properly  made,  is  equally  good,  if  not  better  than  that  of  (.'onnells- 
ville.     The  collieries  and  coke   ovens   are   nearer    to    the  Tecs    than 
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is  Connellsville  to  Pittsburg.  The  Cleveland  hills  yet  contain  a 
goodly  store  of  iron  ore,  if  also  the  grade  is  going  down.  To  enrich 
the  mixtures  the  Scandinavian  mines,  considerably  nearer  to  Middles- 
brough than  are  the  Lake  Superior  fields  to  Pittsburg,  supply  an  even 
richer  and  better  raw  material.  In  the  opposite  direction,  Spanish 
hematites  are  available  with  easier  transport  than  that  of  the  Lake 
ores.  Middlesbrough  has  also  the  advantage  over  Pittsburg  of  being 
located  on  the  sea,  and  in  the  midst  of  the  densely-populated 
European  countries.  If,  therefore,  the  Middlesbrough  ironmasters 
adapt — not  copy — American  methods,  not  only  as  regards  furnace 
plants  and  steel  works,  but  also,  and  of  still  more  importance,  as 
regards  generous  employment  of  money,  consolidation  of  interests, 
control  of  raw  materials,  selection  of  managers  and  treatment  and 
control  of  labour,  they  should  never  need  fear  competition  from  an 
industrial  centre  situated  3,500  miles  away  from  the  markets  at  their 
very  door,  and  this  opinion,  I  take  it,  will  also  hold  good  for  South 
Wales,  the  Midland  districts,  and  Scotland. 

Nor  does  the  world  stand  still  while  the  iron  industry  is  growing 
and  developing.  .  New  markets,  new  employments,  new  needs  arise 
and  multiply,  and  therefore  it  is,  in  my  opinion,  certain  that  there 
will  be  room  for  us  all  in  the  future,  as  in  the  past,  though  the 
preponderating  influence  in  the  iron  world,  and  the  largest  outputs 
of  iron  and  steel,  counting  by  nations,  will,  during  this  and  the  next 
generation,  continue  to  be  found  on  the  western  side  of  the  Atlantic 
Ocean. 

It  is  an  axiom  that  no  nation  can  remain  or  become  a  world 
power  without  the  aid  of  an  adequate  iron  industry.  Great  Britain 
-cannot,  and,  I  am  sure,  will  not  see  its  iron  industry  permanently  lose 
ground.  If,  therefore,  which  I  do  not  believe,  it  should  come  to  pass 
that  protected  America  to  such  an  extent  makes  free  trade  Britain 
the  market  for  such  a  surplus  of  iron  and  steel  products  as  cannot 
•elsewhere  be  disposed  of,  that  the  home  industry  of  the  latter 
country  seriously  and  permanently  suffers  thereby,  it  must  be  remem- 
bered, that  nothing  but  the  will  and  dictum  of  the  British  people 
keeps  the  door  open  for  such  imports,  and  that  it  is  practicable,  it 
not  to  close  the  door,  at  least  to  place  such  a  barrier  across  it  as  to 
:give  those  inside  a  chance  to  live. 


MiLLOM,  Cumberland, 

January  9ih,  1902. 


ON    THE    STEEL  WORKS    PLANT    AND    EQUIP- 
MENT   OF   THE    UNITED    STATES. 


BY   ENOCH    JAMES. 


In  accordance  with  the  arrangements  made  with  the  Executive 
of  the  British  Iron  Trade  Association,  I  proceeded  to  the  United 
States  in  the  autumn  of  1901  for  the  purpose  of  examining  and  report- 
ing on  the  conditions  and  recent  advances  of  the  steel  works  of  that 
country,  in  respect  of  processes,  plant,  and  equipment.  I  deemed  it  my 
duty  to  see  as  many  of  the  leading  steel  works  as  I  could  in  the  time 
at  my  disposal,  and  I  believe  the  following  observations  will  be  found 
to  have  been  based  on  a  sufficiently  wide  range  of  visits  and  inquiries 
to  be  fairly  typical  of  American  practice  of  the  best  kind. 


SECTION   I. 

The  Bessemer  Steel  Process. 

In  order  to  examine  closely  the  manufacture  of  steel  bj-  the 
Bessemer  process  the  following  works  were  visited,  viz.  : — The  Cambria 
Works,  Johnstown  ;  Kdgar-Thomson,  Homestead,  Duquesne,  and  Jones 
&  Laughlins  Works,  Pittsburg ;  Sparrows  Point,  Marj'land  ;  Lorain, 
Newburg,  and  Youngstown,  Ohio ;  and  Joliet  and  South  Chicago 
Works,  Illinois. 

At  each  of  these  eleven  works  the  acid  process  is  carried  on,  and  na 
basic  Bessemer  was  being  produced. 

Since  the  visit  of  the  Iron  and  Steel  Institute  to  the  States  in  1890, 
four  of  the  above  works  have  bee!i  erected,  viz..  Sparrows  Point, 
Duquesne,  Lorain,  and  Youngstown,  O. 

For  general  arrangement  and  lay-out  of  the  works  in  pro|>cr 
sequence  for  the  respective  operations  these  possess  many  advantages 
over  the  other  works  ;  more  room  and  better  railway  facilities  to  suit 
the  improved  methods  of  working  being  carefully  provided.  Apart 
from  this  there  is  not  much  to  choose  from,  for  at  all  the  older 
establishments  much  i)rogress  has  been  made  in  modifying  old  plant 
and  introducing  the  best  practice  under  the  circumstances.  One  of  the 
first  impressions  created  is  the  rapidity  with  which  any  new  feature 
introduced  at  one  works  is  adopted  by  all  the  others. 

In  a   comprehensive  report  made  upon  the  various  works  visited 
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by  the  Iron  and  Steel  Institute  in  1890,  the  metal  mixer  is  stated  to 
have  been  seen  at  Edgar-Thomson  only  ;  to-day  it  is  found  at  all  of 
the  works  visited,  the  large  outputs  obtained  at  the  former  having 
compelled  other  producers  to  ascertain  the  reason  and  adopt  similar 
appliances. 

As  may  perhaps  be  expected,  the  world's  record  for  a  converting 
shop  with  two  vessels  is  now  held  by  one  of  the  new  works  mentioned 
viz.,  Duquesne ;  the  best  24  hours*  production  (on  the  21st  February 
1901)  was  2,171  tons,  which  has  since  then  been  beaten  at  the  same 
plant,  the  tonnage  now  amounting  to  2,335  tons.  In  the  month  of 
May,  1901,  an  average  of  over  1,900  tons  of  ingots  had  been  turned 
out  every  24  hours. 

Compared  with  English  practice  this  a  marvellous  performance,  and 
the  n^ethods  that  have  enabled  this  to  be  done  have  been  the  subjects 
of  very  careful  study. 

How  is  it  done  ?  is  a  question  that  is  often  heard  by  those  interested 
and  are  not  too  incredulous  to  accept  the  figures  as  facts. 

Fortunately,  information  upon  these  matters  is  becoming  more 
general,  but  what  is  most  to  be  desired  is  that  what  is  known  may  be 
put  into  practice. 

Comparison  of  British  and  American  Practice. 

To  summarise  a  reply  to  the  above  question,  it  may  be  stated  that, 
compared  with  English  practice,  the  American  Bessemer  shops  arc 
called  upon  to  do  less  work  in  converting  a  ton  of  pig-iron  into  steel  ; 
their  methods  of  doing  it  are  unquestionably  better,  and  the  means 
provided  for  doing  it  are  superior  to  those  seen  in  this  country. 

In  other  words,  the  great  difference  between  Bessemer  practice  as 
carried  on  in  the  two  countries  is  found  in  the  quality  of  the  pig-iron 
converted,  in  the  use  of  a  metal  mixer,  and  casting  ingots  on  cars, 
stripping  outside  the  converter  house,  better  blowing  power,  and  other 
mechanical  appliances  for  regular  working.  The  most  important  feature 
is  the  quality  of  the  pig-iron  supplied  to  the  converters.  The  length 
of  a  blow  depends  mainly  upon  the  amount  of  silicon  in  the  pig-iron. 
At  the  Edgar- Thomson  furnace  F,  the  analysis  shows  that  in  1890  the 
silicon  was  i*6o  per  cent.  As  this  furnace  has  given  the  largest  makes 
it  is  natural  to  assume  that  the  silicon  was  somewhat  lower  than  was 
obtained  from  the  other  furnaces  in  operation  at  that  time.  In  1896 
Mr.  Franklin  Hilton,  in  his  notes  upon  the  same  works,  gives  the  silicon 
as  1*25  per  cent.  Now,  however,  roo  per  cent,  is  not  often  found,  and 
•80  per  cent,  is  quite  sufficient  for  the  Bessemer  shop.  This  reduction 
in  the  content  of  silicon  is  due  to  the  fast  driving  of  the  blast  furnaces, 
and  also  to  the  low  percentage  of  silica  found  in  the  iron  ores.  As  this 
comes  within  the  scope  of  the  Report  of  my  colleague  upon  blast  furnace 
practice  it  will  not  be  dealt  with  here,  further  than  to  say  that  faster 
driving  at  the  furnaces  has  resulted  in  a  pig-iron  that  is  more  favourable 
to  the  converting  department  and  requires  much  less  blowing  to 
purify  it. 

Many  blows  were  seen  started  and  finished  in  eight  minutes,  and 
as  two  blows  were  often  proceeding  at  the  same  time,  the  number  of 
blows  was  increased.     At  South  Chicago,  on   Wednesday,  August  7th, 
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1 901,  with  the  weather  exceedingly  warm  and  the  people  dying  in  the 
cities  owing  to  the  heat,  1 5  blows  were  obtained  in  one  hour. 

This  was  done  with  great  ease,  for  no  men  could  stand  much 
exertion  that  day,  and  yet  the  work  proceeded  without  any  fuss  or 
difficulty.  The  iron  was  at  the  exact  pitch,  there  was  a  plentiful  supply 
at  hand,  there  was  little  or  nothing  to  do  to  the  tuyeres,  three  converters 
were  fully  occupied,  and  there  was  no  waiting  for  casting  ladles  or  the 
clearance  of  ingots,  but  each  section  did  its  share  of  the  work  with 
smoothness  and  regularity,  like  automatic  machinery.  This  was  the 
quickest  working  witnessed  at  any  of  the  works,  and  it  clearly  shows 
what  the  possibilities  are  when  the  iron  is  the  lowest  in  silicon  that  will 
pass  with  the  quickest  working. 

Again,  at  the  Kdgar-Thomson  Works  on  Tuesday  night,  July  16th, 
1901,  no  blows  were  made,  after  a  shift  of  97  blows  on  Tuesday, 
followed  by  96  blows  on  Wednesday.  For  large  outputs  these 
works  and  South  Chicago  have  for  a  number  of  years  run  a  very 
close  race. 

The  amount  of  slag  produced  at  each  blow  is  much  less  than  with 
us,  this  depending,  of  course,  upon  the  percentage  of  silicon  in  the 
iron. 

Notes  on  Methods  of  Working. 

In  dealing  with  pig-iron  low  in  silicon  the  method  of  operating  had 
to  be  adapted  to  this  quality.  Rapid  working  became  essential.  The 
amount  of  heat  derived  from  the  oxidation  of  the  silicon  was  limited, 
and  had  to  be  utilised  to  the  best  possible  advantage.  Converter 
bottoms  had  to  be  altered  and  the  best  form  discovered  to  suit  these 
conditions.  These  vary  somewhat  at  the  different  works,  but  all  show 
a  larger  number  of  tuyeres  or  blast  area  on  the  bottom  than  is  usual 
in  England. 

At  one  of  the  most  modern,  the  bottoms  have  16  tuyeres  with  1 1 
holes  i  in.  diameter.  .Several  of  the  older  plants  have  19  tuyeres  with 
7,  10,  12,  and  some  with  more  holes,  each  i  in.  diameter.  These 
tuyeres  arc  inserted  if  the  iron  is  changeable  and  requires  more  or 
less  blast. 

The  average  number  of  blows  is  uniformly  high.  30  and  32  is  not 
uncommon,  and  difficulties  from  this  source  are  seldom  met  with. 

The    blast    pressure    in    general   use   is  25   lbs.,  but  the  tendency 
at  some  of  the  best  conducted  shops  appears  to  be  to  reduce  the  blast 
pressure,  and  the  valve  was  lifting  at  19  lbs.     This  appeared  to  me  to 
be  due  to  the  high    percentage  of    iron    found    in    the    slag.      More 
attention  seemed  to  be  directed  to  this  point  at  these  works  than  is 
generally    the   custom.     Some   analyses   of  converter   slag   gave  over 
25  per  cent,  of  iron.     One  sample  contained  a  good  deal  of  steel  .shot, 
but  several  others  gave  as  much  as  20  per  cent.  iron.     At  the  first 
glance  this  appeared  much  worse  than  the  English  practice,  and  might 
be  caused  by  rapid  working  ;    after  making  several  enquiries  at  sundr>* 
places,  I  found  it  was  not  uncommon,  and  it  arises  from  the  fact  that 
the  amount  of  slag  made  per  ton  of  steel  is  less  than  in  England. 
The  total  loss  of  iron   may  therefore  be  no  higher,  even  although  the 
percentage  of  iron  is  higher  in  the  American  slag. 
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Next  in  importance  to  low  silicon  in  the  pig-iron,  in  its  influence 
upon  the  output,  is  the  supply  available.  When  blowing  rapidly,  the 
iron  must  be  plentiful,  and  promptly  charged  into  the  converters  in 
order  to  avoid  delays,  which  not  only  are  so  much  time  lost,  but  cause 
the  vessels  to  cool  down,  and  make  it  difficult  to  proceed  at  all. 

Cupolas. — In  order  to  maintain  a  regular  and  sufficient  amount 
of  molten  iron  to  the  converters,  melting  cupolas  are  in  general  use, 
and  do  not  differ  much  from  those  in  use  in  England.  The  most 
notable  feature  is  the  large  number  of  tuyeres  through  which  they  are 
supplied  with  blast  ;  30,  40,  60,  and,  in  some  cases,  even  more  tuyeres 
of  about  3  in.  diameter  were  seen.  Blast  is  obtained  from  fans,  and  is 
therefore  comparatively  low  in  pressure  ;  6  to  8  ozs.  of  water  was  fre- 
quently seen.  Some  of  the  cupolas  have  melted  large  quantities — 200 
to  250  tons  in  12  hours — when  required. 

In  a  few  cases  successful  attempts  have  been  made  to  charge  the 
cupolas  mechanically,  and  Wellman-Seaver  charging  machines  are 
beginning  to  find  favour  for  this  purpose. 

As  all  of  the  works  enumerated  are  equipped  with  blast  furnaces, 
the  re-melting  of  pig-iron  is  avoided  as  much  as  possible.  And 
herein  lies  one  of  the  saving  elements  of  the  Bessemer  process.  At 
the  Edgar-Thomson  Works,  with  eight  blast  furnaces  in  operation,  the 
melting  cupolas  are  not  used  at  all.  At  South  Chicago,  again,  where 
the  blast  furnace  power  is  so  great,  very  little  cupola  iron  is  required. 
The  Sunday  iron  is  taken  away  to  the  open-hearth  plants  and  is  used 
for  foundry  and  other  purposes. 

Considerable  attention  is  given  to  this  point.  At  the  largest 
installations  the  blast  furnace  power  is  being  increased,  as  the  limit 
of  the  production  of  steel  has  been  reached,  until  the  supply  of  molten 
iron  is  improved. 

With  the  greatly  increased  production  at  the  blast  furnaces 
obtained  by  fresh  additions  to  the  blowing  power  and  quicker 
driving,  the  quality  of  the  iron  has  turned  out  more  suitable  for  the 
Bessemer  shops  without  re-melting ;  the  amount  which  they  can 
convert  has  been  greatly  increased,  and  the  supply  has  been  over- 
taken. 

The  cupolas  are  mostly  placed  near  to  the  converting  shop.  In  some 
cases  they  have  been  most  conveniently  arranged  in  the  mixer  house, 
and  the  iron  from  cupolas  is  passed  through  the  mixer,  along  with 
that  obtained  direct  from  the  blast  furnaces.  In  no  case  is  any  attempt 
made  at  using  hot  blast  for  cupola  work,  and  in  this  respect  some 
of  our  old  English  plants  have  a  decided  advantage  in  lower  coke 
•consumption,  larger  output,  and    less   loss  of  silicon  in    re-melting. 

The  regular  supply  of  molten  iron  to  the  converters  was  attended 
with  much  trouble  and  difficulty  at  the  blast  furnaces  when  direct 
working  was  first  introduced.  It  is  so  to-day  at  those  works  in 
England  that  have  not  yet  adopted  the  metal  mixer.  One  ladle  is 
taken  to  the  blast  furnace,  about  five  tons,  more  or  less,  is  tapped 
out,  and  the  blast  furnace  keeper  is  asked  to  stop  the  tap  hole  of 
the  furnace  against  10  or  20  tons  of  iron  that  may  be  ready  for 
<:asting  at  the  time.  To  enable  this  to  be  done,  the  tap  hole  has 
to  be    of  a   particular    form    and     well     under    control.       This    hoLe 

L   L 


514  AMERICAN   INDUSTRIAL  CONDITIONS. 

requires  renewing  once,  if  not  oftener,  each  week,  and  causes  a 
stoppage  of  the  furnace  from  three  to  six  hours,  or  even  more^ 
every  time. 

The  ladle,  with  its  five  tons  or  so,  is  afterwards  taken  to  the 
melting  cupolas,  and  is  filled  to  the  required  weight  before  reaching 
the   converting  department. 

Metal  Mixers, — This  mode  of  working  is  possible  only  with  the 
small  quantities  dealt  with  in  England,  and  to  meet  the  alteied 
conditions  in  America  Captain  William  R.  Jones  introduced  tlie 
metal  mixer  at  the  Edgar-Thomson  Works.  The  blast  furnaces  iue 
tapped  with  rci^ularity,  as  if  casting  into  a  pig  bed,  and  all  .the  iron 
they  contain  at  the  time  is  taken  into  ladles  ;  these  are  removed 
by  locomotive  power,  and  their  contents  are  tipped  into  a  large 
vessel,  which  is  constructed  in  such  a  way  that  it  can  pour  the 
molten  metal  into  ladles  standing  on  a  lower  level.  These  ladles 
are  taken  to  the  converters,  and  are  kept  going  independently  of 
any  temporary  stoppage   at   the   blast   furnaces. 

When  first  introduced,  these  mixers  were  made  to  hold  about 
80  tons  each,  two  such  vessels  being  used.  At  that  time  a  cast 
of  40  tons  from  a  blast  furnace  was  seldom  obtained,  and  this,  being 
divided  into  two  mixers,  made  it  possible  to  mix  the  product  of 
several  furnaces  at  the  same  time  and  hold  a  sufficient  quantity  in 
reserve  to  supply  the  converters  as  often  as  iron  was  required. 
The  blast  furnace  was  cast  every  four  hours,  and  all  the  iron  was 
conveyed  into  the  mixer,  the  tap  hole  being  repaired  in  a  few 
minutes  in  a  way  that  was  good  enough  for  this  mode  of  castings 
so  that  no  stoppage  for  a  day's  repairs  during  the  week  was  necessary. 
The  other  great  advantage  derived  from  the  metal  mixer  is  that 
of  ccjualising  the  product  of  two  or  more  furnaces. 

VVhcn  cii^ht  furnaces  arc  at  work,  the  quality  of  the  pig-iron 
produced  varies  considcrabK',  and  the  percentage  of  silicon  from 
each  furnace  differs  accordini:^  to  the  conditions  and  circumstances. 
It  was  soon  found  that  the  effect  of  mixing  the  product  of  as  many 
furnaces  as  possible  was  vcr\'  beneficial  in  averaging  the  silicon,  and 
also  the  sulphur ;  and  a  more  uniform  grade  of  iron  was  supplied 
to    tlic  converters. 

To-da\-,  mixers  of  2co.  250,  and  even  3C0  tons  capacity  are  found 
in  use,  and  lar<:^c  si/es  have  become  general.  One  of  these  is 
represented  b\'  the  aceomi)anying  photograph  of  the  operations  at 
the  Duquesnc  Bessemer  department  (I'ig.  i). 

The  molten  iron  is  conve\ed  in  ladles  from  the  blast  furnaces*; 
they  are  lifted  b\'  means  of  a  50-ton  four-motor  electric  overhead 
travelling  crane.  The  s])an  is  about  72  ft.,  and  the  lift  is  40  ft. 
The  mixer  is  mounted  on  rollers  and  is  tilted  by  a  hydraulic  nun 
and  cylinder.  The  ladles  to  be  filled  are  placed  upon  a  weighing 
machine,  and,  after  receiving  their  charge  of  iron,  are  moved  to  the 
vessels  by  means  of  wire- rope  haulage.  This  is  fed  by  natural  gas 
supplied    through   a  pipe   in  the  end  of  the  mixer. 

The  pouring  into  the  nnxer  is  done  by  means  of  separate  winding 
gear  p.ltachcd  to  the  crane,  and  is  controlled  by  the  crane  man  with- 
out any  aid.  • 
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In  observing  closely  the  operation  of  charging  I  noted  that  it 
was  done  frequently  under  two  minutes  between  the  turning  down 
and    the  turning  up  of  the   converters. 

This  does  not  leave  much  room  for  improvement,  as  one  might 
suppose  ;  but  if  ladles  were  emptied  direct  into  converters,  as  they 
are  in  England,  or  as  the  Americans  do  into  the  mixer,  there  is 
reason  to  expect  that  the  time  would  be  further  reduced,  and  the 
iron  would  be  subjected  to  less  cooling  action  by  being  p>oured  over 
a  cold  surface  in  a  small  stream. 

Casting  Ingots  on  Cars, — Another  important  improvement  in 
methods  has  been  the  casting  of  ingots  upon  cars,  and  stripping 
them   outside   of  the   converter   house. 

The  latter  had  been  introduced  at  the  Edgar-Thomson 
Works  in  1890,  and  no  doubt  led  up  to  the  further  advance 
of  casting  the  ingot  upon  cars  tb.at  would  convey  them  direct  to 
the   cogging  mill  when  stripped  of  their  moulds. 

This  plan  has  greatly  reduced  the  heat  inside  the  shop,  and 
has  contributed  largely  to  the  comfort  of  the  men.  The  work  has 
also  been  reduced,  and  mechanical  appliances  have  replaced  hand 
labour  to  a  considerable  extent. 

The  work  is  performed  in  a  better  way  also,  as  the  ingots  are 
stripped  more  quickly,  and  are  delivered  to  the  soaking  pits  long 
before  the  steel   has   solidified    in   the  centre   of  the    ingots. 

This  has  resulted  in  much  gain  to  the  heating  furnaces  and  to 
the  working  generally.  The  coal  consumption  has  been  much  reduced, 
the  steel  has  had  better  treatment,  and  the  clearance  from  the  casting 
and  converting  shop  has  seldom  interfered  with  the  progress  of  the 
work. 

The  arrangements  for  doing  this  differ  slightly  at  the  various  works, 
but  the  leading  features  arc  identical.  The  ladle  containing  the  steel  is 
conveyed  by  electric  overhead  travelling  cranes  in  some  cases,  and  by 
fixed  radial  roof-supported  cranes  in  others,  to  a  casting  platform.  The 
ingot  moulds  are  placed  upon  strongly  built  cars,  with  removable 
bottoms ;  thc\'  are  brought  into  the  converting  shop  by  a  locomotive,  are 
filled  with  steel,  and  arc  then  moved  along  by  a  hydraulic  pusher,  with  a 
stroke  equal  to  the  distance  from  centre  to  centre  of  the  cars.  As  soon 
as  tlic  cast  is  teemed  the  cars  are  taken  out  to  the  open  air,  and  the 
ingots  are  allowed  to  cool  before  being  stripped  of  their  moulds. 

The  ingots  are  mostly  of  fair  weights  ;  19  by  17  by  72  is  a  standard 
size  of  mould  for  rail-making  purposes,  the  length,  of  course,  being 
governed  by  the  weight  of  rail  required.  Where  4  by  4  soft  steel  billets 
are  made,  the  ingot  moulds  are  filled  up  to  a  contracted  top,  and  weigh 
about  two  tons.  At  the  largest  works,  eight  ingots  are  made  at  each 
cast,  but  where  the  vessels  are  small  the  number  of  ingots  per  cast 
is  less.  With  this  method  of  casting  and  with  an  ingot  weighing  about 
two  tons,  the  difficulties  attending  pit  casting  in  England  are  almost 
entirely  done  awa)-  with. 

Stripping  Ingots. — After  casting,  the  ingots  are  removed  to  the 
stripping  house,  which  is  mostly  found  placed  as  near  to  the  rolling 
mill  as  possible.     Two  tracks  of  narrow-gauge  railway  running  parallel 
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to  one  another  are  bridged  over  by  a  wrought-iron  structure  carrying 
the  hydraulic  cylinder  and  ram  used  for  lifting  the  ingot  and  mould. 
There  is  a  double  motion — the  hooks  which  hold  the  mould  ascending 
when  the  ram  descends  into  the  mould,  and  pressing  the  ingot  out  until 
it  reaches  the  car.  The  moulds  are  transferred  laterally  on  to  an 
empty  car,  standing  opposite  to  the  full  car  upon  the  other  railway 
track. 

A  large  number  of  cars  and  ingot  moulds  are  in  constant  use  at  the 
Edgar-Thomson  Works;  upwards  of  150  cars  with  300  moulds  arc  in 
dailv  use. 

Where  the  number  of  moulds  is  limited,  and  watering  becomes 
necessary,  the  life  of  the  mould  is  shortened  and  the  labour  and  exj^ense 
arc  increased. 

An  ingenious  stripper  worked  b\' electricity  has  been  designed  by  the 
Wellman-Seavcr  Company,  and  finds  favour  where  hydraulic  pressure  is 
not  convenient. 

BloiK.nno;  Poller. — The  means  for  doing  work  are  in  proportion  to  the 
demands  made,  and  ample  provision  is  made  for  keeping  the  machinery 
in  good  repair  whilst  driving  hard.  The  blowing  engines  seen  were 
excellent  machines,  well  adapted  for  their  work,  atul  there  were  enough 
of  them.  In  many  places  a  spare  engine  was  in  readiness  to  start  at 
once,  should  any  accident  cause  a  stoppage  to  one  of  the  others.  At 
the  Kdgar-Thomson  Works  there  are  \\\'q.  blowing  engines — three 
Mackintesh-Hemphill  engines  of  450-h.p.  each,  one  K.  P.  Allis  Com- 
pany engine  of  750-h.p.,  and  one  Southwark  750-h.p.  single  engine  for 
blowing  four  converters. 

.At  South  Chicago  W^orks  there  are  two  [)airs  of  vertical  engines, 
and  two  single  horizontal  engines  for  blowing  three  converters. 

.At  some  of  the  other  works  visited,  blowing  i)ower  was  undergoing 
extension.  More  attention  appeared  to  be  given  to  compounding,  and 
the  horizontal  type  is  getting  into  favour.  In  one  instance  only  was 
any  complaint  made  of  want  of  blowing  power,  and  this  was  at  a  plant 
where  the  blast  furnace  output  was  ver\'  favourable,  and  the  mill  capticity 
was  equal  to  all  the  steel  it  could  get,  making  the  converting  shop 
the  weakest  link  in  the  chain,  and  consequentU*  causing  it  to  come  in  for 
most  attention. 

Double  PotiHiig. — Double  pouring  is  not  adopted  generally,  and  it  was 
at  the  South  Chicairo  Works  onlv  that  this  was  <>ki{iw  done.  The  ladle 
receivinc:  the  cast  from  the  converter  is  lifted  bv  means  of  a  crane  and 
the  contents  poured  into  a  casting  ladle,  supported  by  another  roof- 
fastened  crane.  All  the  operations  and  movements  of  cranes  are 
regulated  at  will  from  blowers'  pulpits.  Considering  the  great  advan- 
tage derived  from  this  method  of  working  upon  the  regularity  of  the 
steel  made,  b\*  the  better  diffusion  of  the  carbon  and  manganese,  it  is 
rather  surprising  that  this  practice  has  not  been  more  widely  taken  up, 
particularly  by  those  engaged  in  the  manufacture  of  tin  bars  and 
material  for  sheet-making. 

Length  of  Bhnvs. — As  a  consequence  of  the  low  percentage  of  sili«;<rj 
found  in  the  pig-iron  dealt  with,  the  blows  are  seldom  continued  vj  i*^*^^ 
as  in  England,  yet  the  resulting  steel  is  so  low  in  silicon  tlui'  7jf^  y 
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pig-iron  rich  in  carbon  and  silicon  is  added  to  the  spiegel  at  cupolas,  in 
order  to  give  the  requisite  amount  of  silicon  in  the  steel  demanded  by 
the  specifications  worked  under,  as  well  as  to  improve  the  steel  for 
rolling  purposes.  This  practice  was  seen  at  several  of  the  works 
engaged  in  making  steel  for  rails  and  other  high-carbon  material. 

It  is  this  constant  attention  to  weak  points  and  the  readiness 
with  which  appliances  are  provided  to  meet  new  methods,  that  has 
enabled  large  outputs  to  be  produced.  The  latter  is  by  far  the  most 
important  feature  in  its  influence  upon  the  development  of  the  manu- 
facture, and  is  one  worthy  of  admiration. 

At  one  of  the  best  known  and  most  successful  Bessemer  shops  it 
was  stated  that  the  whole  plant  had  been  reconstructed  four  times 
during  the  last  25  }'cars,  down  to  the  very  foundations,  and  this,  too, 
under  the  supervision  of  the  same  engineer — one  who  was  in  daily 
touch  with  the  plant,  who  had  been  compelled  to  deal  with  troubles  and 
failures  of  many  details  of  vital  [)arts,  and  who  knew  the  requirements 
better  than  it  would  be  possible  for  any  other  man  to  do.  This  was 
really  the  most  distinguishing  characteristic  of  American  work.s, 
observed  throughout  the  whole  of  the  iron  and  steel  making  districts. 
No  amount  of  rivali)-  amongst  operators  would  produce  improved 
results  without  the  power  of  apphing  the  fruits  of  their  knowledge  and 
their  experience  ot  the  sj)ecial  conditions  under  which  their  work  is 
carried  on.  i^ut  with  an  immense  command  of  money,  and  a  thorough 
knowledge  of  evcr\'  detail  of  the  plant  used  in  this  process  of 
manufacture,  the  relative  proportion  between  the  various  sections  has 
been  arrived  at  with  much  greater  success  than  is  found  in  England. 

Take  for  example  the  number  of  converters  employed.  At  two 
works  only,  those  of  Cambria  and  Kdgar-Thomson  Works,  were  four 
converters  used.  Three  were  in  operation  at  the  same  time,  and  one 
was  undergoing  rc![)airs  when  neccssarw  The  blowing  power  provided 
is  sufficic-nl  to  deal  with  three  casts  at  the  same  time,  and  two  casts 
were  coustantl}'  going  together.  At  one  works  in  ICngland  having  five 
conxertcrs  in  use,  the  l^low  ing  power  is  not  sufficient  to  blow  more  thiin 
one  cast  at  a  time.  The  i)roj)ortions  between  converters  and  blcnving 
engines  arc  clearly  in  error  here.  This  is  not  a  solitar\'  case,  fc^r  at  some 
other  ICiiglish  works  the  blowing  power  is  not  capable  of  blowing  two 
casts  at  once. 

The  same  remarks  appl\^  to  boiler  |)ower.  No  instance  came  inider 
notice  where  st()})s  for  steam  are  now  heard  of  The  number  of  boilers 
is  arrani^ecl  so  as  to  he  cai)al)le  of  supi)lying  the  blowing  engines  with 
a  constant  suppK' of  steam  if  neccssar}'.  All  this  is  ver\' sinij>lc.  and 
\er\'  well  known  to  those  engaged  in  the  business,  but  the  practical 
application  is  not  so  easy. 

Ihat  the  rival r\'  which  exists  amongst  the  various  managers  in  the 
United  States  is  productive  of  real  progress,  no  one  will  doubt  lor  a 
moment.  This  sj)irit  is  spread  to  the  workmen  and  is  encouraged  as 
a  matter  of  course.  There  is  a  marked  difference  in  the  extent  of 
accjuaintanceshlp  with  one  another's  works  and  methods  compared  with 
what  is  the  case  here.  The  publication  of  records,  and  the  desire  to 
maintain  or  beat  them,  creates  an  enthusiasm  which  it  is  refreshing 
to  see  when  directed  to  the  accomplishment  of  a  u.seful  object     These, 
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however,  are  not  the  only  means  made  use  of  for  securing  good  service. 
When  a  piece  of  good  work  is  done  by  any  member  of  the  staff,  when 
any  improvement  worthy  of  adoption  is  suggested,  or  when  any  achieve- 
ment outside  the  ordinary  run  is  attained,  it  is  not  unusual  for  the 
successful  worker  to  receive  recognition  in  a  special  manner.  If  he  be 
a  manager  it  may  be  in  the  form  of  a  three  months'  trip  to  Europe, 
with  the  needful  ways  and  means.  If  a  foreman  has  broken  all  previous 
records  at  a  new  plant,  a  gold  watch  and  chain  may  be  his  reward. 
Fresh  records  may  yet  be  expected,  although  some  people  are 
inclined  to  think  that  the  Bessemer  process  is  doomed,  and  will 
be  eventually  displaced  by  the  open-hearth.  This  probably  will  not 
happen  soon,  if  ever,  v/hilst  ores  suitable  for  the  process  can  be  procured 
-at  the  same  price  as  high-phosphorus  ores,  for  the  amount  of  money 
laid  out  in  improving  the  Hessemcr  shops,  and  the  great  increase  in  the 
tonnage  produced,  with  decrease  in  cost  as  a  matter  of  course,  will 
make  it  more  difficult  for  any  other  process  to  beat  it  upon  its  merits. 
With  the  advance  made  in  blast  furnaces,  and  increased  outputs,  the 
pig-iron  made  will  again  become  more  favourable  for  turning  out  still 
larger  quantities.  When  the  Carrie  blast  furnaces,  now  in  course  of 
reconstruction,  are  got  to  work,  the  Duquesne  Hesstriner  department 
will  be  further  heard  of  in  this  direction.  And  it  will  h'l  a  disappoint- 
ment to  many  if  the  South  Chicago  Works,  with  two  additional  blast 
furnaces  now  in  course  of  construction  there,  will  not  have  improved 
opportunities  for  demonstrating  their  capacity  for  bigger  things,  and 
that  very  shortly.  There  is  no  finalit\'  in  metallurgical  or  mechanical 
matters,  and  American  steel  makers  certainly  show  no  inclination  to  rest; 
whether  they  are  as  thankful  as  they  ought  to  be  is  not  quite  so  clear. 
They  have  been  favoured  by  nature  with  superior  materials,  they  have 
assiduously  and  eneri^etically  applied  themselves  to  treat  these  materials 
in  a  better  wav,  and  thev  have  dis])laved  undoubted  confidence  in  their 
resources  and  in  themselves  by  investing  large  sums  of  money  in 
improving  machinery  and  replacing  obsolete  tools.  The\'  richly  deserve 
all  the  success  which  they  have  attained.  They  have  had  capable  leaders 
who  have  secured  the  assistance  of  experienced  superintendents,  and 
the}'  have  wisely  adopted  effective  means  at  all  costs  for  doing  the  work 
cheaply  and  well.     For  all  this  they  are  now  reaping  their  reward. 


SECTION    II. 

The  Open -hearth  Process. 

This  process  was  seen  in  operation  at  the  following  works,  viz., 
Homestead,  Duquesne,  Jones  &  Laughlins  (Pittsburg),  Cambria 
(Johnstown),  Pencoyd,  Bethlehem,  Sharon,  Latrobe  (Pa.),  Newbiirg  (().;, 
and  South  Chicago. 

Great  strides  have  been  made  during  the  last  ten  years  both  in 
the  producing  capacity  of  the  older  plants  and  in  the  number  of  new 
w-orks  erected  to  carry  on  this  process. 

This  may  be  accounted  for  by  the  suitability  of  the  steel  produced 
for  making  plates,  sectional  bars,  and  other  articles  demanding  mild  and 
soft  material.  This  partly  accounts  also  for  the  rapid  progress  made  by 
the  basic  process,  for  the  difficulty  of  obtaining  steel  sufficiently  free 
from  phosphorus  by  the  acid  process  to  meet  the  tests  demanded  in 
materials  for  shipbuilding  and  structural  purposes  could  scarcely  be 
overcome  in  any  other  way.  Nearly  all  the  furnaces  .seen  were  basic- 
lined,  excepting  the  few  engaged  in  producing  forgings,  armour  plates, 
and  tyres. 

The  development  at  Pittsburg  alone  represents  an  enormous  increase 
in  producing  capacity,  and  the  latest  additions  at  Duquesne  and 
Homestead  arc  brilliant  examples  of  modern  melting  shops,  which,  for 
boldness  of  conception,  efficicncx'  of  design,  and  excellence  of  erection, 
have  seldom,  if  ever,  been  known  in  the  history  of  open-hearth  steel 
making. 

At  Homestead  there  are  three  shops  in  all,  consisting  of  8,  l6, 
and  24  furnaces,  respectiveh'.  No.  i  shop  has  two  rows  of  four  furnaces. 
The  tapping  holes  are  nearly  upon  the  floor  level,  holes  for  casting 
ladles  being  made  in  the  floor. 

Kach  furnace  has  two  roof-supported  cranes,  one  of  60  tons  for 
dealing  with  the  ladle,  and  c)ne  of  5  tons  for  dealing  with  the  slag. 
The  ladles,  after  receiving  the  cast  of  steel,  are  lifted  out  of  the  pit  and 
placed  upviU  a  bogie,  which  is  moved  by  a  locomotive  to  the  casting 
pit  at  the  end  of  the  building.  Two  circular  casting  pits  arc  served  by 
casting  cranes  and  ingot  cranes,  similar  to  the  usual  method  in  old 
Bessemer  practice.  ICach  block  of  furnaces  is  supplied  with  a  Wellman 
charging  machine,  and  in  this  respect  is  similar  to  all  oi)cn-hearth 
plants  seen,  with  the  exception  of  two  20-ton  furnaces  making  steel  for 
locomotive  tyres.  The  chief  feature  of  all  the  open-hearth  furnaces  in 
the  Pittsburg  district  is  the  use  of  natural  gas.  And  a  ver\' 
important  feature  it  is.  Asa  matter  of  course  there  are  no  gas  producers, 
making  the  demand  for  ground  usual  with  the  open-hearth  process  much 
less  than  is  the  ca.se  in  England. 
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This  is  not  altogether  an  unimportant  matter,  even  in  America,  for 
the  general  impression  that  prevails  with  regard  to  having  plenty  of 
room  does  not  always  hold  good.  At  many  of  the  older  establishments 
the  land  is  as  scarce  and  the  conditions  are  as  difficult  as  any  in  this 
country.  With  a  river  on  one  side,  a  mountain  on  the  other,  and  a 
railway  track  of  some  large  public  company  on  another,  some  of  the 
works  are  as  cramped  for  space  as  any  in  this  countr}'. 

Then  the  traffic  is  much  reduced.  No  coal  wagons  arc  required^ 
nor  space  for  storage  of  empties.  The  labour  of  dcahng  with  ashes  in 
every  stage  is  entirely  dispensed  with,  and  the  influence  upon  the 
working  of  the  furnaces  is  decidedly  favourable. 

The  quality  of  the  gas  and  the  regularity  of  the  supply  are  far  and 
away  better  than  is  possible  with  any  arrangement  of  gas  producers  yet 
in  operation.  This  gives  the  steel  melter  one  leading  condition  that 
is  constant,  and  enables  heat  to  be  obtained  when  recjuired — that  is  to 
say,  intense  heat,  and  any  amount  of  heat,  at  the  command  of  the 
operator  when  circumstances  arise  calling  for  it. 

At  Xo.  I  shop  the  charging  platform  is  upon  the  ground  level,  with 
the  regenerators  for  air  only  under  the  platform. 

One  furnace  of  30  tons  c?.pacity  has  a  movable  roof,  which  is  raised 
by  a  crane  and  moved  by  hydraulic  power.  Through  this  opening  large 
lumps  of  skull,  rolls,  ingot  moulds  unbroken,  and  any  big  lumj)s  arc 
charged.  With  the  large  quantities  of  such  material  seen  lying  about 
various  works,,  it  is  surprising  how  others  have  not  coj)ie(l  this  form  of 
furnace.  The  repairs  to  the  roof  must  be  heav}%  but  this  expense  is 
trifling  compared  with  the  gain  in  converting  material  of  such  sizes  into 
practical  use,  and  keeping  the  works  clear  of  accumulations  that  are  as 
unsightly  as  the)'  are  costly. 

The  other  seven  furnaces  at  Homestead  are  of  40  tons  capacity,  and 
are  constructed  in  the  ordinary  manner. 

At  Xo.  2  shop  there  are  now  16  furnaces,  arranged  in  a  double 
row,  with  holes  in  the  floor  for  ladles.  After  casting,  the  ladles  arc 
conveyed  by  two  powerful  electric  overhead  travelling  cranes,  capable 
of  lifting  150  tons  each.  Under  these  cranes  ingots  for  armour  plates 
are  cast. 

At  Xo.  3  shop  there  are  24  furnaces,  all  of  50  tons  capacity^ 
arranged  in  two  rows,  with  ample  room  for  working  in  every  way. 
This  shop,  with  that  at  Duque.sne,  where  12  furnaces  are  arranged  in 
one  row,  arc  the  latest  examples  of  such  plants  under  the  Carnegie 
Company. 

The  output  at  the  latter  for  the  month  of  Ma\',  1901,  the  best 
hitherto  attained  in  some  respects,  was  1,419  tons  every  24  hours,  or 
upwards  of  700  tons  per  furnace  per  week. 

Whilst  the  comparative  difference  is  not  so  great  as  in  the  H(vssemer 
practice  as  carried  on  in  Kngland  an(i  in  the  L'nitea  States,  yet  it  is  at 
least  equal  to  twice  as  much  as  the  best  English  practice. 

In  Bessemer  practice,  it  may  be  stated  briefly  that  two  converters 
in  America  turn  out  as  much  steel  in  one  da\'  of  24  hours  as  two 
similar  c::nverters  turn  out  in  a  full  week  in  luii^land.  With  the  same 
number  of  men,  the  tonnage  per  man  would  be  repiesented  by  six  in 
America  to  one  in  England. 
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In  open-hearth  practice  the  number  of  men  would  be  less  upon 
the  whole,  and  the  tonnage  per  man  would  be  about  2^  tons  to  one 
in  England. 

This  great  increase  in  output,  compared  with  that  turned  out  in 
England,  has  been  brought  about  within  a  short  space  of  time,  and  is 
by  no  means  exceptional.  The  conditions  necessary  ^or  development 
have  been  carefully  studied,  and  the  appliances  necessary  for  the 
application  of  new  ideas  have  been  supplied. 

The  Wellman  Charging  Machine. 

One  of  the  most  important  of  these  was  the  mechanical  means  of 
charging  invented  by  Mr.  S.  T.  Wellman.  Manual  labour  was  thus 
greatly  reduced,  the  time  taken  to  charge  was  shortened  materially,  and 
the  number  of  heats  turned  out  was  increased  as  a  consequence.  This 
machine  has  been  widely  adopted,  and  has  contributed  largely  to  the 
success  of  the  open-hearth  process. 

The  Wellman  charging  machine  is  electrically  driven,  and  does  the 
work  easily  and  well.  One  machine  attends  to  four  or  five  furnaces. 
A  few  of  these  great  labour-saving  machines  have  been  introduced  in 
England,  and  have  been  found  quite  as  suitable  and  successful  as  in 
America.  Owing  to  the  height  of  this  machine  some  of  the  works 
had  not  head  room  enough,  and  a  new  type  of  machine  has  been 
introduced,  which  is  much  lower  and  ecjually  effective.  The  latter  are 
in  use  at  both  Homestead  and  Duquesne.  All  the  materials  are  dealt 
with  in  the  stock  yard,  and  placed  with  one  handling  from  railway 
trucks  into  the  charging  boxes  ;  three  of  these  are  placed  on  a  car,  and 
the  cars  are  removed  and  taken  into  the  melting  shop  by  locomotive 
power.  The  various  tyj:)es  of  Wellman  charging  machines  are  shown 
in  Figs.  2,  3,  4,  5  and  6. 

Details  of  Plant,  etc. 

The  stock  yard  at  Homestead  is  equipped  with  two  5 -ton  electrical 
overhead  travelling  cranes,  with  a  span  of  55  ft.  6  in.,  and  a  lift  of  25  ft., 
built  by  the  Morgan  luigineering  Company,  of  Alliance.  Two  lines  of 
railway,  and  one  line  for  the  charging  cars  are  laid  under  the  cranes, 
and  the  exact  mixture  of  pig  and  scrap  and  other  materials  required 
for  each  charge,  is  filled  from  railway  trucks  into  boxes  and  conveyed 
to  the  furnaces  in  the  order  required.  If  the  cars  are  full  and  the 
railway  trucks  are  full  and  wanted,  storage  is  found  for  good  quantities 
upon  the  floor  that  is  available  whilst  trucks  are  being  replaced. 

Over  the  fronts  of  each  row  of  furnaces,  cranes  of  40  tons 
capacity  are  erected,  supplied  with  two  winding  barrels  for  dealing 
with  molten  iron,  similar  to  that  seen    at   the   Duquesne   mixer. 

The  molten  iron  is  passed  through  a  mixer  which  holds  250  tons,  but 
the  supply  from  the  blast  furnaces  is  far  from  sufficient  to  enable  many 
of  the  open-hearth  furnaces  to  be  worked  with  direct  metal.  This  is  the 
direction  in  which  future  developments  may  be  exjxjcted,  as  most  of  the 
new  plants  are  making  better  provisions  for  dealing  with  molten  iron. 

The  casting  arrangements  are  also  modified  and  improved.  The 
most  general  custom  is  the  use  of  overhead  electrical  cranes  for 
dealtfis  with  the  ladle.  The  casting  process  differs  according  to  the 
COP'        m  i  if  ituirots  are  large,  they  are  placed  in  a  pit  and  grouped 

*'— -^m  below. 


528  AMERICAN    INDUSTRIAL  CONDITIONS. 

The  crane  has  two  lifting  barrels,  one  for  75  tons  and  one  fof 
25  tons,  for  deah'iig  with  moulds.  These  cranes  are  strongljr  builti 
and  arc  quick  in  all  their  movements.  The  Morgan  Eng^ineering 
Company  have  also  an  electro-hydraulic  crane  for  this  purpoaei 
The  ladle  is  lifted  by  hydraulic  power,  whilst  the  travelling  motiofii 
are  obtained  from  electric  power.  This  type  is  not  widely  adopMiJIL 
though  possessing  some  advantages  over  the  ordinary  form  i^: 
construction. 

Casting  on  cars  is  frequently  done  where  small  ingots  are  reqiiM|. 
and  stripping  is  done  outside  the  shop,  as  is  the  general  practiot  ii 
Bessemer   shops. 

The  arrangements  for    charging  and    for  dealing  with   the    sinl 
made  are  most   complete,   and   well  proportioned   to  the  capacity  if . 
the  plant,  and  the  consequence  is  that   14,   15  and  16  heats  per  wtoK 
arc  got  from  these  large  furnaces  with   less  physical  exertion  on  tkt  •. 
part  of  the  workmen   engaged   than  would  be  necessary  in  Kngland  - 
for  half  that  number  of  casts. 

One  very  important  difference  is  found  in  the  quality  of  the  pig  iron 
used,  and  in  the  proportion  of  steel  scrap  charged,  when  making  laige  ' 
outputs.  In  most  instances  the  pig-iron  contained  under  I  per  cent  of 
silicon,  with  phosphorus  from  '3  to  7.  In  no  case  was  I  per  cenL  of 
phosphorus  seen,  whilst  several  instances  were  found  with  about  one* 
tenth  only.  No  attempts  arc  made  to  produce  specially  high  phos- 
phorus in  the  pig-iron,  with  the  view  of  getting  slags  rich  in  phosphoric 
acid,  and  the  slags,  therefore,  arc  of  no  use  for  fertilising  purposes. 
Whilst  this  may  be  a  loss  in  one  way,  it  is  not  a  di.sadvantage  from  the 
producer's  point  of  view.  There  is  much  less  work  to  be  done  to  purify 
the  pig-iron,  and  it  takes  less  time,  requires  less  flux,  and  makes  less 
:slag,  whilst  the  quality  of  the  steel  required  is  much  more  easily  obtained 
than  when  working  with  a  pig-iron  containing  from  3*0  to  3'5  per  cent 
of  phosphorus.  This,  with  the  large  percentage  of  heavy  steel  scraps 
was  one  of  the  chief  points  of  difference  in  open-hearth  practice 
•carried  on  in  the   United  States  and  in   En^jland. 


The  Rolling  Furnace. 

The  form  of  furnace  employed  has  been  given  much  attentiodb 
<ind  one  of  the  most  noteworthy  departures  has  been  the  roUini^ 
meltiiii^  furnace  invented  bv    Mr.  S.  T.  Wellman. 

This  Wclhnan  rolling  type  of  furnace  has  been  in  operation  ia 
the  United  States  since  1S89,  but  it  is  only  recently  that  their  number 
has  increased  rapidly.  In  view  of  the  attention  given  to  th?  Talbol 
process  it  may  be  interesting  to  quote  the  inventor's  description  of 
the  Wellman  rolling  furnace: — 

"  The  furnace  consists  of  a  very  strongly  framed  steel  shell  or 
casing  of  an  ai)proximately  rectangular  section,  inside  which  the 
lining  of  silica  bricks  is  built  up.  On  the  underside  of  the  structuie 
are  fixed  two  curved  cast-steel  rockers,  which  are  supported  on  strong 
steel  standards  with  horizontal  upper  surfaces;  when  tiltingr  to  pour 
off,  the  furnace  moves  forward   on   these  rockers*    The  rolling  move* 
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ment  is  accomplished  by  two  hydraulic  cyh'nders  mounted  on  trun- 
nions at  their  lower  ends  and  having  the  upper  ends  of  their  piston 
rods  attached  to  their  pouring  side.  To  tilt  the  furnace,  water  is 
admitted  to  the  top  end  of  the  cylinder.  In  case  of  accidental 
failure  of  the  hydraulic  system  the  furnace  returns  by  its  own  weight 
to  the  normal  or  melting  position.'* 

A  special  feature  of  these  furnaces  is  the  water-cooled  front  and 
doors,  greatly  reducing  the  danger  of  the  men  becoming  overheated 
while  employed  in  front  of  the  furnaces. 

The  advantages  of  the  rolling  furnace  are  stated  to  be  as  follows  : — • 

Between  40  and  50  of  this  type  of  furnace  are  now  in  operation  in 
America,  whilst  10  are  about  to  be  built  in  England. 

As  with  every  other  new  departure,  considerable  differences  of 
opinion  are  held  regarding  this  form  of  furnace,  and  some  of  the  earliest 
operators  having  had  some  experience  of  them  arc  not  adopting  them, 
whilst  making  further  extensions.  The  Cambria  Company  have  had 
two  rolling  furnaces  at  work  for  several  years,  but  do  not  find  it 
advisable  to  go  in  for  them  now,  for  in  their  new  shop  they  have  erected 
six  furnaces  of  50  tons  capacity,  of  the  fixed  type  with  raised  platform^ 
after  the  English  style.  At  South  Chicago,  also,  some  of  the  earliest 
attempts  were  made  with  rolling  furnaces,  and  the  experience  there 
is  not  very  favourable.  It  may  be  that  many  of  the  defects  of  the 
initiatory  plants  have  since  been  improved,  and  late  comers  derive  the 
benefit  of  having  weak  parts  strengthened. 

One  of  the  best  instances  of  a  plant  worked  upon  this  plan  was  seen 
at  the  American  Steel  and  Wire  Company's  Works,  at  Xewburg,  Ohio. 
Here  four  furnaces,  each  of  50  tons  capacity,  were  at  work.  The  tilting 
is  done  by  two  hydraulic  cylinders,  fixed  on  the  casting  side  of  the 
furnace.  An  overhead  electric  crane  conveys  the  ladle  from  the  furnaces 
to  the  teeming  platform,  where  the  ingot  moulds  are  brought  on  cars — • 
carrying  two  each.  When  filled  they  are  taken  outside  the  melting  shop 
to  an  ingot-stripper,  where  the  moulds  are  taken  off,  and  the  ingots  are 
delivered  hot  into  the  mill.  All  steel  made  was  for  wire  making.  The 
slag  was  poured  into  a  bogie  and  removed  by  railway  trucks.  They  had 
upwards  of  10.000  tons  of  ingots  during  the  month  of  May,  and  had 
not  experienced  any  difficulty  with  the  furnaces.  Nor  had  the  roofs 
given  any  trouble  since  the  plant  had  been  in  operation.  Labour  cost 
was  stated  to  be  low,  and  the  work  was  done  with  ease,  and  the  sur- 
roundings kept  clean.  These  furnaces  are  supplied  with  producer  gas 
and  work  cold  pig-iron,  and  the  product  is  all  soft  steel.     (Eig.  8.) 

The  largest  number  of  rolling  furnaces  is  found  at  the  works  of  the 
Tennessee  Company,  Ala.,  where  ten  of  50  tons  capacity  each  are  in 
operation.  Another  example  of  their  use  is  at  the  steel  casting  plant  of 
the  Shickle,  Harrison  &  Howard  Co.  at  St.  Louis  (see  Eig.  9). 

Notwithstanding  the  first  cost  of  construction,  which  must  be  con- 
siderable, the  hydraulic  power  must  be  found,  and  this  would  tend  to 
increase  the  difference  in  first  cost  as  compared  with  the  fixed  type  of 
furnace.  In  spite  of  this  fact,  when  14  or  15  new  plants  have  adopted 
the  rolling  furnace,  there  is  ev^ery  reason  for  concluding  there  must  be 
important  advantages  secured  in  the  opinions  of  those  who  invest  their 
money  to  that  extent. 
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The  Talbot  Process. 

The  largest  size  I  have  seen  in  use  is  at  the  Pencoyd  Works,  Phila., 
where  the  Talbot  process  was  inaugurated,  and  is  now  carried  on  with  a 
furnace  of  75  tons  capacity.  Others  of  much  larger  capacity  are  in 
course  of  construction  at  the  works  of  Jones  &  Laughlins,  Pittsburg, 
for  working  the  Talbot  process.  If  this  process  proves  successful  in 
operation,  it  will  have  been  rendered  possible  by  the  rolling  furnace, 
and  this  may  be  one  great  inducement  for  those  now  erecting  new 
plants  to  adopt  the  rolling  form,  as  they  can  thereby  work  cither 
system. 

The  Talbot  process  was  seen  in  operation  at  Pencoyd  Works  on  two 
separate  occasions.  One  rolling  furnace  is  there  placed  at  the  end  of  a 
row  of  10  fixed  furnaces,  each  of  30  tons  capacity.  Molten  iron  is 
supplied  from  a  pair  of  cupolas  placed  in  a  direct  line  and  close  to  the 
melting  furnaces.  After  casting  25  to  30  tons  of  steel  out  of  the 
furnace,  the  molten  iron  is  conveyed  by  a  ladle  from  the  iron  cupolas 
by  an  overhead  electric  travelling  crane,  with  double  lifting  gear.  One 
chain  is  fastened  to  the  top  of  the  ladle,  and  the  other  to  the  bottom. 
The  trough  is  placed  in  one  of  the  furnace  doors  and  the  molten  iron  is 
poured  from  the  ladle  into  the  furnace.  The  crane  driver  controls 
the  pouring  with  great  precision,  and  charging  is  done  quickly  and 
well. 

A  weighing  machine  is  placed  upon  the  floor  for  weighing  the  ladle 
and  the  charge,  and  afterwards  re-weighing  the  ladle  so  as  to  get  the 
weight  of  molten  iron  charged  with  accuracy. 

After  the  iron  is  charged  into  the  furnace,  the  action  is  very  rapid, 
and  the  ebullition  is  great.  Gas  is  then  put  on,  the  temperature  is  raised, 
and  the  charge  is  worked  in  the  usual  manner.  The  slag  is  poured  off 
the  surface,  and  the  heat  comes  into  contact  with  the  metal  in  the 
furnace. 

The  chief  claim  made  on  behalf  of  this  process  is  the  improved 
yield  of  ingots  as  compared  with  that  of  any  other  mode  of  working. 
It  is  stated  that  107  tons  of  ingots  and  steel  scrap  have  been  produced 
for  every  100  tons  of  molten  iron  charged  for  a  period  of  six  months, 
the  increased  yield,  of  course,  being  derived  from  the  oxides  introduced 
in  the  form  of  ore,  mill  scale,  and  cinder,  as  well  as  due  to  the  protection 
the  metal  receives  whilst  under  treatment. 

The  yield  question,  to  be  tested  properly,  requires  great  care  in 
conducting  the  operations,  as  well  as  keeping  correct  records  of  the 
figures.  At  Pencoyd  the  process  is  not  tried  under  the  best  possible 
conditions.  There  are  no  blast  furnaces  to  supply  molten  iron.  The 
cupolas  supply  iron  to  the  other  fixed  furnaces,  and,  although  the 
molten  iron  is  weighed  separately,  the  loss  in  cupolas  and  wages  is 
common,  and  apportionment  is  necessary,  as  they  cannot  be  kept 
distinct. 

The  same  remark  applies  to  the  gas  supply,  for  the  producers  are 
not  separate  from  the  other  furnaces  and  the  coal  consumption  cannot 
be  arrived  at  for  any  particular  furnace.  The  working  is,  however, 
attended  with  great  ease,  and  despatch  is  obtained  without  any  physical 
labour  on  the  part  of  the  workmen. 
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Among  the  advantages  claimed  for  the  process  the  following  may 
be  noted  : — 

1.  The  delivery  of  hot  ingots  to  the  blooming  mill  furnace  with  more 
regularity. 

2.  A  saving  of  25  per  cent,  to  30  per  cent  in  first  cost  of  planL 

3.  Only  one-third  of  the  space  is  required  for  a  given  capacity. 

4.  Twenty  per  cent  less  fuel  is  required  per  ton  of  ingots 
produced. 

5.  The  labour  per  ton  is  less  than  one-half. 

6.  The  yield  is  greater  than  has  ever  been  reached  by  any  other 
process. 

Whether  all  of  these  claims  can  be  realised  it  is  perhaps  rather 
early  to  predict,  but  from  anything  seen  or  heard  so  far,  there  are  no 
data  forthcoming  to  support  them. 

Considering  the  circumstances  that  prevail  at  Pencoyd,  and  the 
limited  amount  of  ground  at  command,  it  was  not  confirmatory  of  these 
claims  to  find  extensive  alterations  and  improvements  being  carried  on 
with  furnaces  of  the  old  form.  One  of  the  most  obvious  lessons  I 
gathered  from  visiting  so  many  works  was  the  promptness  with  which 
any  good  idea  was  taken  up  and  adopted.  If  the  Talbot  process 
effected  anything  like  the  savings  claimed  for  it,  the  Pencoyd  Company 
would  doubtless  have  found  them  out  ere  this,  and  two  or  more  of  the 
old  furnaces  would  most  likely  have  made  way  for  another  rolling 
furnace.  The  gain  in  space  alone  would  be  of  great  advantage  at 
these  works,  for  further  extension  is  scarcely  possible  excepting  by 
changes  of  this  character. 

When  the  Jones  &  Laughlins  furnace,  of  200  tons  capacity,  is 
erected,  and  is  supplied  with  molten  iron  direct  from  the  blast  furnaces, 
this  process  will  be  conducted  under  better  conditions,  and  further 
information  will  be  obtained  as  to  the  success  of  the  method  of  working. 
Considerable  doubt  exists  as  to  the  superiority  of  this  process  with 
regard  to  the  quality  of  the  metal  produced,  and  statements  were 
often  heard  that  better  results  in  low  phosphorus  are  obtained  from  the 
older  method  of  workin<^. 

The  Monell  Process. 

Another  new  process  was  seen  at  Homestead,  as  introduced  by 
Mr.  Monell.  A  few  furnaces  at  No.  i  and  a  few  at  No.  2  shop  were 
worked  upon  this    method. 

As  is  generally  the  case  when  introducing  a  new  system  into 
practice,  with  the  surroundings  laid  out  for  some  other  system  of 
working,  many  makeshifts  had  here  to  be  resorted  to  and  inconveniences 
put  up  with  that  would  disappear  if  a  plant  were  laid  out  with  a  view 
to  operating  upon  this  plan.  Charging  molten  iron  has  been  suc- 
cessfully done  by  applying  a  motor  to  the  ladle.  This  motor  was 
carried  on  the  locomotive  bringing  in  the  ladle.  Current  is  derived 
from  one  of  the  Wellman  charging  machines  on  the  platform.  The 
oxides  are  charged  first  and  the  molten  iron  afterwards.  The  slag 
is  tapped  through  a  tap  hole  in  the  front  and  run  into  a  hole  made 
in  the  ground,  into  which  some  iron  hooks  are  placed.  The  lumps 
are    lifted    out    when    cold     and    taken    away    in     railway    wagons. 
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Very  rapid  working  is  obtained  when  everything  Is  •  in  suitable 
■condition;  and  excellent  results  were  reported.  The  supply  of 
'molten  iron  at  Homestead  is  derived  from  two  blast  furnaces  only* 
and  although  the  quantities  these  produce  is  very  large,  viz.,  600  tons 
per  day  of- 24  hours  each,  it  is  not  sufficient  to  keep  the  Bessemer 
plant  and  many  open-hearth  furnaces  supplied.  In  addition  to  this, 
there  is  greater  difficulty  in  securing  basic  pig-iron  of  the  exact 
■composition  than  in  getting  grey  iron  for  Bessemer  purposes.  And 
with  one  furnace  only  producing  at  a  rapid  rate  there  is  not  much 
chance  of  mixing  or  securing  that  absolute  uniformity  which  this 
method  of  working  appears  to  require.  White  iron,  containing 
under  r  p^r  cent,  of  silicon  with  low  sulphur,  is  aUyays  difficult 
to  produce,  and  complaints  are  soon  heard  if  silicon  goes  too 
high  or  too  low.  The  result  of  low  silicon  is  soon  observed  in 
cold  heats,  and  the  danger  of  excessive  skulls  is  much  increased 
by  working  molten  iron  direct.  The  responsibility  rests  chiefly  with 
the  blast  furnaces,  and  it  will  be  a  surprise  to  many  operators  if 
the  limit  in  producing  capacity  of  these  blast  furnaces  has  not 
fceen  exceeded,  if  regularity  of  product  is  desired,  and  oj^en-hearth 
•direct  metal  working  becomes  more  general.  With  two  furpacep 
making  300  tons  each,  the  chances  are  better  than  two  to  one 
against  one  furnace  making  600  tons  per  day,  for  the  liability  to 
•extreme   variations  is  much   reduced   by    more  moderate  driving. 

The  Monell  process  was  not  seen  adopted  at  any  other  works,  nor 
was  it  so  extensively  employed  at  Homestead  as  to  lead  one  to 
suppose  that  there  was  much  benefit  to  be  derived  from  working 
itf.  This  may  be  due  to  want  of  means  for  supplying  molten  iron  of 
the  exact  quality  desired  and  not  to  any  defect  in   the  system  itself. 

It  was  clear  that,  given  certain  conditions  of  working,  excellent 
results  are  obtained  ;  and  it  remains  to  provide  the  requisite 
conditions  always,  and  the  problem  will  be  solved.  This,  no  doubt, 
will  be  done  with  time,  once  it  is  clearly  established  that  it  pays 
to  do  so,  for  the  difficulties  in  the  early  days  of  l^essemcr  direct 
working  were  not  overcome  without  considerable  modifications  of 
the  previous  customs   and    practices   of  blast    furnacemcn. 


The  Sharon  Steel  Company's  Plant. 

Two  newly-erected  plants  were  seen  at  the  Cambria  Works,  at 
Johnstown,  and  at  the  Sharon  Steel  Company's  Works,  at   Sharon,  Pa. 

The  buildings  in  which  the  furnaces  are  placed  are  of  steel 
frame  construction,  covered  with  corrugated  steel  sheets.  They  are 
most  substantially  built,  and  afford  better  head  room  and  working 
room   generally   than    any   other   plants    I    have   seen. 

Both  plants  are  similar  in  many  respects,  and  differ  from  most 
of  the  other  American  plants  in  being  built  above  ground,  with  an 
elevated  charging  platform,  as  is  the  common  practice   in   luigland. 

*  Those  arc  the  furnaces  known   as   the   Carrie,  which  arc  now  increased  to  four. 
•    +  At  a  btep  dftte*  the  Monell  process  had  l^een  discontinued  at    Homestead,  according 
to  information  supplied  to  me  in  Octo])er.     [Ein.iuR.] 
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At  Cambria  six  furnaces,  of  50  tons  capacity  each,  were  at  work. 
They  were  equipped  with  Wellman's  charter,  a  75-ton  casting  crane. 


and   all  the   other  requirements  of  the   very   best    type    that     could 
be   obtained.      They   were   supplied    with   gas    from    a    row    of  gas 


priMiucLTs  placed  aioii<];side  the  mcltini;  shop.  The  ingots  were 
poured  at  a  casiin^r  platform,  and  stripped  outside  the  shop  on 
th(.-ir    wny   to    the   coyyiii''   mill. 
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At  Sharon,  there  were  eight  furnaces  bu  It  also  of  50  tons 
capacity.  These  are  the  most  modern  furnace  and  represent  the 
latest   practice  in   the  United    States.      The   folio  v  ng   pa  t  c  lars  of 


them  are  taken  from  a  descriptive  article  that  appeared  in  the  Iroti 
Age  for  July  4th,  1901  : — 

"The    company  was    formed    on    October    3rd,    1899.       In    Jul)-, 
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igor,  they  had  one  blast  furnace,  eight  open-heartli  melting  Turnaces 
and  a  cogging  mill  at  work,  and  already  extensions  arc.  decided 
upon. 

"  The  basic  open-hearth  steel  plant  consists  of  eight  50-ton  open-hearth 
furnaces  (Fig.  10)  and  is  contained  in  a  main  building  of  steel  frame  con- 
struction 603  ft.  long  and  123  ft.  wide  (Fig.  14).  There  is  an  elevated 
charging  platform   and   the   furnaces    arc   provided   with  regenerative 


chambers  for  air  and  gas,  having  reversing  valves  operated  by  means 
of  a  hj-draulic  cylinder.  The  char^^Jng  side  of  the  furnaces  is  c<]uipped 
with  a  4-ton  Morgan  crane,  while  the  ix>uring  side  is  equipped 
with  a  75-ton  crane  of  the  same  design.  The  furnaces  arc  charged 
with  a  Well  man-Sea  vcr  charging  machine  and  are  also  equipped 
with  water-cooled  doors  and  frames.  A  unique  feature  in  the  erection 
of  the    o|>cn-hearth    furnaces    is    that   they    arc  built    above  ground, 
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Testing  on  iron  columns,  making  them  easier  of  access  when  repairs 
-are  being  made,  which  insures  a  more  even  temperature  and  also 
■does  away  with  casting  pits.  There  are  two  pouring  platforms 
equipped  with  so-ton  ladles,  the  output  of  each  furnace  being  15 
to  18  ingots  per  heat.  Each  furnace  has  a  battery  of  four  water 
sea!  gas  producers,  each  13  ft.  high  and  10  ft.  in  diameter,  built 
by  the  Sharon  Steel  Company  from  their  own  designs.  The  gas  pro- 
■ducer  house  (Fig.  15)  is  provided  with  coal  storage  bins,  from  which 
coal  is  taken  up  by  an  electric  travelling  conveyor,  installed  by  Heyl  & 
Patterson,  of  Pittsburg,  to  bins  above  the  gas  producers.  I""rom 
these   bins   the  coal   is  taken  to  the   gas  producers  by  an  automatic 


feeding  device,  .'\nolhcr  innovation  made  by  the  Sharon  (."omijany 
in  the  building  of  their  works  is  that  the  stock  house  for  the 
open-hearth  furnaces  is  covered,  affording  protection  from  the  weather 
to  the  materials  in  the  stock  bouse  and  also  to  the  men  employed 
there.  The  stock  house  is  a  steel  and  brick  building  1,000  ft.  long 
by  60  ft.  wide,  and  in  it  is  stored  the  pig-iron  and  scrap  used 
in  the  open  hearths.  The  stock  house  is  equipped  with  two  heavy 
shears  used  for  cutting  up  billets  and  rails  to  the  proper  lengths 
for   loading   into   the    charging    boxes.      The    .stock     house    is    also 
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equipped  with  four  railroad  tracks,  one  being  elevated.  Two  of 
these  tracks  are  used  for  materials  coming  in  to  be  unloaded,  and 
two  for  materials  loaded  and  going  out  to  the  open  hearths.  At 
the  end  of  the  stock  house  is  a  mixer  house,  for  grinding  lime- 
stone and   other   refractories. 

"The  ingots  arc  taken  from  the  open-hearth  building  to  the 
stripper  building,  where  they  are  stripped  by  an  Aiken  ingot 
extractor, 

"The  whole  plant  of  the  Sharon  Steel  Company,  from  the  blast 
furnace  to  the  finishing  mills,  is  thoroughly  modern  and  equipped 
with  the  very  best  machinery  that  money  could  buy.     The  projectors 


of  the  plant  had  constantly  in  view  the  building,'  of  the  mills  that 
could  be  most  economically  operated  and  at  the  same  time  turn 
out  a   maximum  of  output. 

"  There  is  probably  not  a  concern  in  the  country  to-day  better 
equipped  for  manufacturing  at  a  low  cost  than  the  Sharon  Steel 
Com]>any." 

With  this  view  most  people  with  whom  the  writer  came  in 
contact  agreed.  The  general  arrangement  of  the  plant  has  been 
well  considered,  the  various  departments  being  well  placed,  and 
conveniences  for  handling  heavy  traffic  being  admirable.  The 
machinery  is  of  the  best  known  types,  made  by  most  experienced 
makers,  and  there  has  been  no  stinting  of  mechanical  appliances  for 
every  conceivable  purpose  throughout  the  whole  plant.  Details  of 
the  rolling  mill  machinery  are  shown  in  Figs,  ii,  12  and  13.  Reference 
will  be  made  to  them  later. 
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Conditions  of  Labour. 

Great  attention  has  been  given  to  the  improvement  of  the  conditions 
of  labour  and  the  introduction  of  mechanical  means  for  reducing  hand 
labour  in  every  direction.  At  the  open-hearth  plants  the  charging 
machine  has  been  of  immense  advantage,  and  has  reduced  the  labour  of 
charging  to  a  very  low  point.  Its  adoption  has  been  very  general,  in 
spite  of  many  difficulties  of  situation  and  surroundings  at  some  of  the 
works.  No  open-hearth  plant  of  any  size  was  seen  without  its  charging 
machine,  involving  in  some  cases  a  separate  generating  station  for 
supplying  the  electric  power.  The  time  occupied  in  charging  has  been 
reduced  very  considerably,  and  the  loss  of  heat  and  injury  to  brickwork 
of  the  furnaces  by  changes  of  temperature  has  also  been  reduced,  thus 
•contributing  towards  quicker  working  all  round.  Furnace  doors  are 
mostly  lifted  mechanically,  and  everything  in  connection  with  charging 
hot  metal  has  been  arranged  with  the  view  of  reducing  labour  an^l 
saving  time.  Casting  on  cars  and  stripping  outside  the  mdting  shop 
has  made  this  section  comparatively  easy,  and  the  working  space  much 
•cooler  and  more  comfortable  for  the  workmen. 

With  such  conditions  the  amount  of  work  turned   out  has  gone  up 
step  by  step  until  1 5  and  1 6  casts  per  week  are  now  frequently  obtained. 
For  this  purpose  the  workmen  have  done  their  best  to  rival  one  another, 
and  holding  back  for  fear  of  earning  too  much  money  is  not  heard  ot 
It  is  an  acknowledged  principle  that  when  any  new  method  of  working 
is  introduced  which  shall  reduce  the  labour  of  the  men  and  increase  the 
•output,  there  shall  be  a  revision  of  wages.     No  diflficulties  are  put  in  the 
way  of  a  new  machine,  for  the  men  have  seen  sufficient  to  learn  that 
they  have  been  the  greatest  gainers  by  the  introduction  of  all  labour- 
saving  machines.     At  one  establishment  visited  there  are  three  distinct 
types  of  melting  furnaces  in  operation,   working  under   different  con- 
ditions, of  varying  sizes  of  furnaces  ;  and  the  men  in  attendance  at  each 
type  of  furnace  are  paid  different   rates  per  ton.     The  men  are  much 
•easier  to  control,  and  are  kept  under  better  control  in  consequence  of 
being  easier  to  replace.     Manual  labour  has  been  so  reduced  that  driving 
can  be  kept  up  without  any  effort,  and  the  amount  of  money  laid  out 
is  so  great  that  any  want  of  attention  on  the  part  of  the  attendant 
•cannot  be  tolerated.     If  English  workmen   applied    themselves  to  get 
the  best  possible  results  out  of  the  machinery  and  plant  in  their  hands, 
they  would  have  less  to  fear  from  the  competition  of  the  United  States 
•or  any  other  country.     And    if  employers   were  able    to   secure    fair 
reductions  when  introducing  new  methods  the  extent  of  renewals  and 
4he  scrapping  of  obsolete  machinery  would  increase  rapidly. 
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mills  witli  hnt  steel.  The  rolling  plant  is  equal  to  all  the  ingots  that 
could  be  got,  but  as  the  improvements  in  the  Bessemer  shop  caused 
it  to  become  more  productive,  the  necessity  arose  for  taking  care 
of  the  steel.  In  order  to  do  this,  vertical  .soaking  pits  have 
been    introducctl,    instead    of   the    horizontal    heating    furnaces,    and 


M 

fa 

""**  "^ 

the    methods    of   charging 
complete  change. 


ingots    have   undergone  a 


Modern  Cranes. 


By  casting  ingots  on  cars,  and  stripping  them  at  a  separate  shop. 
they  are  delivered  into  the  rolling  mills  very  quickly,  and  quite  hot 
— much  more  quickly  than  the  steel  solidifies.      The  ingots  are  still 
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in  a  perpendicular  position,  anti  quick  handling  has  demanded  some- 
thing better  than  the  old  toniis,  with  a  special  attendant  to  o|Xn  and 
close  it.     This  difficulty  has  been  overcome  by  the  Moi^an  Engineering 
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id,  where  it  was  seen  in  oix;ration. 
L-inarkable,  all    movements  being 


controlled  by  the  operator,  who  is  placed  under  the  crane  and  right 
above  the  work  to  be  done.  The  opening  and  closing  of  the  jaw 
is  well  under  control,  and  the  form  of  the  jaw  is  such  that  it  can 
be  conveniently  dropped  over  the  ingots. 

The  one  great  trouble  found  with  this  crane  has  been  the  uncom- 
fortable pnsitioii   nf  the  crane-driver,  owing  to  the  heat,  and  in  warm 


weather  his  powers  of  endurance  have  been  the  measure  of  the  possible 
output.  Relays  of  fresh  hands  have  had  to  be  found  in  order  to 
relieve  each  other  at  intervals. 

Two  cranes  were  found  in  use,  one  for  charging  and  one  for  drawing, 
making  each  operation  distinct  and  capable  of  being  carried  on  at 
the  same  time,  with  one  to  spare.  The  number  of  soaking  pits  has 
been  augmented  as  wanted,  until  ample  provision  is  made  for  receiving 
an  hour's  output  of  ingots.     This  large  number  of  pits  decs  not  mean 
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Other  has  demanded  an  increase  in  heating  capacity  and  quick-speed 
tCK:»i?  for  chan^ng  and  drawing  the  ingccs  out  of  the  venicai  heating 
pits,  and  transicrring  them  to  the  table  c»f  the  co^png  milL 

With  a  good  supply  of  steel  del:\^ered  to  the  cc^^ging  mill  as  quickly 
as  that  department  can  dea]  wizh  it,  there  is  a  ven*  gvx-Ki  chance  of 
testing  the  capacity'  of  the  rolling  mill  inachiner\\  At  Edi:ar- Thomson 
the  co^jing  is  worked  by  a  single  cv'linder  engine,  44  by  6*6  in., 
of  1 ,200-h.p.  The  rolls  are  40  in.  in  dian^erer,  and  thii?e-high,  w^.ih  rising 
and  falling  tables  c-n  bc#th  sides,  and  equipped  nith  a  iTjanipuiator 
worked  b\-  hj'draulic  pressure  on  the  frc^nt  side.  The  ingccs  *ire  reduced 
from  19  b\*  17  to  a  bloom  of  ^ii  in.  square,  in  n:ne  passes.  This 
operation  occupies  abc^ut  50  seconds.  The  bioom  is  cut  in  ta  o.  and 
all  blc»c*ms  are  rc-heated. 

Onc  no\^l  feature  c»f  these  works  has  been  the  maiiner  c«f  dealing 
with  the  bioom  ends.  The\'  are  drt:»r>iied  intc-  cars  under  the  shears,  and 
those  of  each  cast  are  weighed  separately.  Ary  exce^^s  c*:"  -ft  eight  is  at 
once  noticed,  and  the  teemer,  nho  is  respc»ns:bje  fc»r  the  ingccs,  is 
informed  and  subie'irted  to  necessary-  discipline. 

The  blcoms,  \*hen  cut,  are  placed  by  l:\e  rc-'lers  up:o.  a  tabic 
which  is  moved  electrically,  and  brought  in  frc»r-:  vf  the  re-heating 
furnaces,  of  which  there  are  five,  uith  nine  charj^lr:,:  do?r>  :n  each. 
These  are  charged  c»n  one  side  and  n-itbdrawn  or.  the  0:0  "siie  side, 
and  plaxDed  upon  a  simijar  carriage  to  be  then  passed  on  10  the  nrst 
roughing  train. 

This  train  is  driven  by  a  single  c>'l:ndcT  engine,  .ir-  by  fvx  nith 
an  excellent  siovemar.  The  n>]!sare  ^~  in,  ciarrjcter,  ar^i  tiiree-hizh.  mith 
tables  and  maninulator  as  in  the  co^^n '  mill.  There  are  nve  passes 
in  this  pair  of  rollsu 

The  second  rou::hini;  train  is  dri\'cn  bv  an  enc^ne  ^  bv  6c:,  and 
the  rolls  2U"e  27  in,  in  diameter,  and   have    five  :\asses,  with  two 
in  the  rolls  together. 

Before  passin:^  to  the  third  and  finishing  piir  of  rolls,  the  rails 
pushed  to  one  side  and  allo'^ved  to  coc»l  dc»uTi  to  a  certain 
previous  to  being  passed  through  the  las:  fl-.ishing  grvx-ve.  This  mill 
is  26  in,  in  diameter,  and  i^;  driven  by  an  engine  5c  by  4>,  of  5^>h-p. 
The  process  described  is  called  the  Morrison  A:  Kennedy  cold- rolling 
process. 

Sometimes  eight  or  ten  rails  were  seen  standing  t->getheT  upooi 
the  benciies  cooling,  while  at  other  tiroes  there  \i vdld  ncc  be  s  »  nianv, 
the  number  depending  upon  the  temperature  at  which  the>-  came  out- 
The  fracture  is  closer,  and  the  \ieariiig  prcoerries  of  the  rails  are 
increased. 

The  rails  are  passed  on  to  the  hcc  saws,  cc"  iihich  thene  are  foor, 
driven  b>*  one  engine — in  three  lengths  of  rails.  There  are,  theneforc, 
only  two  crop  ends  and  one  bloc»m  end^  thus  bringing  the  am:cint  of 
waste  dofiTi  to  a  ver>'  low  point. 

On  their  wav  to  the  hot  banks  the  rails  are  :\as:«'i  thrc*u^h  a  small 
pair  of  rolls  for  canfbering,  the  amc'Unt  vf  cur* e  being  regu  Atei  at 
will,  tos«t  die  section  and  temperature  a:  :he  :^:':'-h  ng  p::n:. 

There  arc  four  hot  banks,  which  are  vJirefu,  y  Arrang^-^d  f>r  the 
purpose  of  alkming  the  rails  to  lie  straight.     This  is  a  matter  of  great 
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importance  and  is  done  with  considerable  success,  the  amount  of  work 
saved  to  the  rail  straighteners  being  astonishing.  The  rails  were 
taken  by  roller  gear  to  one  of  the  straightening  presses,  of  which 
there  are  eight,  with  32  drilling  machines. 

The  finishing  department  is  well  arranged  with  the  view  of  avoiding 
unnecessary  handling,  the  rails  being  delivered  to  each  press  for 
straightening  by  means  of  switches  upon  the  live  roller  gearing.  After 
straightening,  the  rails  are  passed  on  to  the  chippers,  who,  in  turn, 
pass  them  on  to  the  drilling  machines.  From  the  drillers  they  arc  moved 
to  the  loading  benches,  where  they  are  inspected  and  loaded  on  railway 
cars  by  hand.  The  elevation  of  the  banks  is  very  favourable  for 
transferring  and  loading,  as  railway  cars  are  so  arranged  as  to  stand 
upon  a  low  level. 

Great  saving  is  due  to  the  care  taken  in  dealing  with  hot  rails, 
and  with  their  condition  before  going  to  the  straightening  presses. 
Many  rails  go  through  with  no  side  pressure  at  all,  and  with  but 
few  strokes  upon  the  head. 

The  inspection  of  rails,  as  carried  on  in  this  country,  is  out  of 
the  question,  and  the  standard  of  finish  is  certainly  not  so  high  as 
is  demanded  here,  but  it  is  considered  good  enough  for  all  practical 
purposes  and  the  products  are  allowed  to  go  through. 

Makers  are  to  a  large  extent  their  own  inspectors,  and  they 
generally  take  care  to  pass  no  rails  that  they  cannot  stand  by  at 
any  future  call,  so  that,  whether  the  buyer's  inspector  he  there  or 
not,  loading  is  constantly  going  on  at   the  rail  bank. 

Passing  single  rails  by  the  buyer's  inspector  is  not  attempted, 
and,  indeed,  could  not  be  done  without  a  large  number  of  inspectors. 
Moreover,  any  delay  at  the  finishing  department  would  run  through 
all  the  producing  departments  very  quickly,  with  the  large  quantities 
turned  out. 

The  works  are  run  as  a  whole,  and  delays  at  any  section  are 
therefore  much  sooner   felt  and  are  of  increased   importance. 

If  any  delay  should  arise  at  the  mills  the  Bessemer  shop  has  to 
stop  also,  for  cold  steel  is  not  acceptable,  nor  could  it  be  dealt 
with  under  existing  conditions  without  dislocating  all  the  subsequent 
stages   of  the    manufacture. 

It  is  in  the  rolling  mill  practice  that  the  mechanical  engineering 
has  been  seen  to  the  best  advantage,  and  the  appliances  introduced 
have   effected    the  best   results  in   doing   away    with  manual  labour. 

A  tongs  or  hook  is  not  seen  near  any  of  the  rail  mills  visited, 
and  the  whole  operation  is  conducted  from  a  platform,  where  levers 
connected  with  the  various  live  rollers  and  liftinir  tables  arc 
collected  tocjether.  One  man  is  in  constant  attendance,  and  his 
duties  are  so  heavy  that  two  men  are  "spelling"  one  another  at 
short   intervals. 

The  arrangements  differ  slightly  at  some  of  the  other  works, 
where  the  finishing  is  still  further  sub-divided  and  the  rolling  is 
carried  on  in  four  sets  of  rolls,  with  separate  engines.  This  was 
seen  at  South  Chicago  and  Youngstown,  and  five,  six  and  seven 
pieces  were  being  rolled  at  one  time.  At  some  of  these  places 
the  roughing   rolls   had   extra  grooves  for  turning  out  4  in.   by  4  in. 
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together,  the  rolls  being  adjusted  and  fitted  with  all  the  necessary 
guides,  so  that  on  changing,  the  four  holding  down  bolts  would 
be  unscrewed  and  the  coupling  box  pushed  back,  the  rolls  taken 
out,  and  a  new  pair  put  in,  without  any  needless  loss  of  time.  Two 
cranes  of  40  tons  and  15  tons  power,  respectively,  having  a  span  of 
48  ft.,  and  a  lift  of  25  ft.,  are  placed  above  the  mill  engines  and 
storage  department.  These  cranes,  which  are  driven  electrically,  are 
made  by  the  Morgan  Engineering  Company.  The  finishing  mills 
consist  of  two  sets  driven  by  two  pairs  of  Galloway  engines 
48  in.  by  50  in.  and  45  in.  by  48  in.,  the  first  driving  two  sets  of 
rolls,  two-high  and  28  in.  diameter,  and  one  set  of  finishing  rolls, 
also   28  in.  diameter,  being  driven   by  the  latter. 

The  finishing  department  is  upon  an  extensive  scale,  ample  room 
for  hot  beds,  and  means  for  transferring  from  one  place  to  another 
being  well  considered.  The  machinery  for  loading  as  well  as 
straightening,  grinding,  drilling  and  dressing  before  loading,  is  the 
best  of  its  kind,  and  is  laid  out  in  a  building  of  large  size,  which 
is  substantially  erected,  affording  room  and  comfort  to  the  men 
engaged  to  carry  on  the  work,  regardless  of  weather   conditions. 

Extensive  use  is  made  of  electricity,  and  pneumatic  hoists  for 
loading  rails  into  cars  are  found  most  useful,  as  well  as  quick  in 
operation.  They  are  fixed  upon  runners,  and  one  man  lifts  and 
loads   into  cars   with   great   case. 

At  Pencoyd  the  rolling  of  large  beams  is  done  with  great  success. 
The  cogging  mill  is  driven  by  a  pair  of  reversing  engines  40  in.  by 
60  in.,  geared  one  to  two  with  the  usual  live  rollers  at  the  back  and  front 
of  the  rolls,  which  are  7  ft.  long  from  collar  to  collar,  and  36  in. 
diameter. 

As  an  instance  of  how  smartly  work  is  done  in  the  repairing  of 
mill  machinery,  these  engines  may  be  noted.  They  had  been  driven 
hard  for  upwards  of  ten  years,  and  the  cylinders  had  worn  out  of  truth. 
It  was  decided  to  reduce  the  diameter  of  the  cylinders,  as  the  engines 
were  too  much  above  any  work  called  for.  This  was  done  by  pre- 
paring two  liners  with  new  pistons  and  piston  rods  of  increased 
diameter,  having  a  hole  through  them.  New  cylinder  covers  were  alike 
got  ready  with  tail  carriers  running  upon  wheels.  No  tail  carriers  had 
been  used  before.  New  brasses  were  prepared,  and  all  the  valve  gear 
joints  were  closed  where  necessary,  and  every  working  part  was 
thoroughly  examined  and  put  into  good  order.  All  this  was  done  in 
one  week's  stoppage  of  the  mill.  The  preparation  of  all  parts  was  done 
as  far  as  possible  beforehand,  so  that  when  the  mill  was  laid  off  very 
little  remained  beyond  taking  out  the  worn-out  parts  and  replacing  the 
new.  During  the  first  visit  I  paid  to  these  works,  the  engines  had  only 
been  running  a  few  days,  and  beyond  an  extra  man  engaged  in  oiling, 
the  work'  was^  done  as  if  the  engines  had  been  at  work  for  months, 
while  they  were  equal,  if  not  better  adapted  to  the  purposes  required 
than  when  first  introduced. 

The  ingots  used  were  24  by  26,  20  by  24,  and  some  for  light  working 
were  smaller.  Upwards  of  500  tons  of  blooms  were  turned  out  in  24 
hours.  For  large  beams,  the  bloom  is  well  shaped  in  the  cogging,  and 
is  re-heated  before  rolling  into  a  finished  size. 
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Beams  24  in.  by  73^  in.,  weighing^  100  lbs.  per  foot,  are  rolled  in  j^coil 
lengths,  and  the  bars  are  sent  out  to  the  bank  in  full  lengths,  and 
sheared,  when  cold,  to  the  required  lengths.  Deliveries  of  small 
quantities  from  stock  is  a  matter  of  no  difficulty  with  conditions  of  this 
description. 

The  finishing  mills  have  three  sets  of  rolls,  placed  side  by  side. 
The  first  is  two-high  with  reversing  28-in.  rolls.  The  other  two  sets  are 
three-high,  with  23-in.-  rolls,  with  traversing  and  lifting  tables,  worked 
electrically.  The  arrangement  of  these  tables  and  bogies  for  transferring 
from  re-heating  furnaces,  displayed  as  much  mechanical  skill  as  was 
observed  at  any  such  mills,  with  more  electrical  driving  than  is  found  at 
any  of  the  others,  with  the  exception,  perhaps,  of  the  new  plant  recently 
introduced  at  Jones  &  Laughlins,  at  Pittsburg.  Here  the  circum- 
stances required  special  treatment,  and  the  automatic  switching  in  of 
tables  and  starting  of  live  rollers  when  the-  bloom  was  in  proper 
position  were  exceedingly  well  done,  and  will  avoid  the  necessity  of 
any  attention  on  the  part  of  the  attendant. 


Pencoyd  and  Homestead. 

The  Tencovd  rolls  for  the  finishing:  sets  are  fixed  in  the  standards 
ready  for  changing  complete,  and  arc  dealt  with  by  an  overhead  electric 
crane  of  40  tons  power.  Three  sets  are  changed  in  a  little  less  than  an 
hour,  whilst  two  sets  arc  often  changed  in  half  that  time.  Considerable 
alterations  in  this  mill  wen*  being  carried  on  in  introducing  new  soaking 
pits,  and  changing  the  delivery  of  blooms  to  the  other  side  of  the  mill, 
making  a  decided  improvement  in  the  lay-out  of  the  mill. 

The  finishing  dc[).'irtnicnt  was  well  provided  with  shearing  machines. 
straightening  presses,  and  other  machines.  Overhead  travelling  cranc<. 
built  l)\'  the  Hrown  Hoisting  Company,  did  the  loading  into  cars. 

At  Ilonicstcad,  the  largest  (juantities  are  being  turned  out  of  every 
variety  of  shapes,  in  mills  adapted   for  different  sizes.     The  largest  sizes 
are   rolled  off  direct   from    the   ingot,  measuring   25    by  30.      These  are 
heated    in    1;  soakinir  i)its  served  bv  an  overhead  electric  traveller  for 
chanjin*"'  and   drawiniT  inirots  and  deliverini^   them    to  live  n)ller   ijear. 
This  conve\'s  them  to    the  coi'^Lrin<r  rolls,  of  40  in.  diameter,  driven  b\'  a 
pair  of  Soutlnvark    engines  40   b\' 60.     Here   the   ingot  is  formed    into 
the  shape  of  the  beam.     The  blooms  are   ])assed  on   to  the   naighing 
train,  placed  tandem  to  the  cogging  mill.     The  finishing  mill    has   three 
sets  (jf  rolls,  of  35  in.  diameter,  driven   by  an  engine   54  by  jsi  in.,  and 
is  served  l)\'  risinj/  tables.     When  the  bloom   is  too  heavv  to  roll  in  one 
length,  it   is  cut   into  two.     The  first  part  is  rolled  off,  and  the  second 
part  is   retained   in   a  covered    furnace  fed   by  gas,  to  keep  it  hot  until 
the  first  part  has  been   completed.      It  is  rather  peculiar  to  .see  sha|x.*s 
rolled  off  direct  in  this  manner,  and  at  the  same  time  to  find  the  Kdgar- 
Thomson   Works    re-heating   all   blooms   for  rail   making.      The    steel 
for  rolling   into   beams   and    shapes   is   all   open-hearth   basic,  and   it  is 
delivered  to  the  mill   at  a  good   heat,  and  is  well   and   quickly  worked 
whilst  hot..     The  output  of  this  mill   is  upwards  of  200  tons  in  \2  hours, 
and  the  whole  number  of  men  seen  engaged  in  the  actual  rolling  was 
one  roller,  four  table  men,  and  one  sawyer,  with  two  other  assistants. 


FEATURES  OF   AMERICAN    ROLLING   MILLS.  555 

•  •  •  . 

Beams  are  cut  to  length  cold  by  means  of  a  plain  disc  of  steel  run 
at  a  great  speed,  which  goes  through  the  cold  beam  just  as  quickly  as 
when  it  is  hot. 

The  finishing  department  is  quite  a  factor>%  and  is  equipped  with 
some  very  fine  electrically-driven  tools.  Loading  and  stocking  are 
done  by  means  of  overhead  electric  cranes,  a  group  of  seven  lo-ton 
cranes,  made  by  the  Brown  Hoisting  Company,  of  Cleveland,  being  seen, 
covering  acres  of  storage  ground,  with  railroad  tracks  (Figs.  19  and  20). 
Here  quantities  of  all  sections  are  stored,  and  can  be  obtained  at  short 
notice  without  any  additional  cost,  which  is  a  most  important  element 
in  this  class  of  business ;  this  enables  the  mill  to  roll  consider- 
able quantities  whilst  the  rolls  are  in,  and  thus  to  avoid  the  loss 
of  time  and  of  output  attending  frequent  changes  of  rolls  for  small 
quantities.  This  kind  of  work  would  not  be  tolerated,  nor  could  the 
amount  of  steel  dealt  with  be  treated,  if  conducted  as  some  mills  are 
run  in  England. 

The  conditions  as  to  convenience  for  handling  materials  are  greatly 
hampered  at  Homestead,  and  the  amount  of  capital  outlay  greatly 
increased  in  providing  facilities  to  overcome  this  disadvantage.  The 
amount  of  machinery  and  crane  tracks  is  something  enormous,  and 
their  construction  and  application  has  been  the  subject  of  careful  and 
intelligent  study.  Cranes  running  on  curved  tracks  were  seen  here  by 
me  for  the  first  time.  The  shipping  yard  is  supplied  with  four  cranes  ; 
three  of  80-ft.  span,  and  one  of  95-ft.  span,  and  20-ft.  lift,  for  loading 
structural  shapes  onto  cars. 

Plate  Rolling. 

The  rolling  of  plates  was  only  seen  carried  on  at  Homestead 
and  at  South  Chicago.  But  the  recent  increase  in  means  of 
production  here  has  been  great.  Since  1896,  when  Mr.  Franklin 
Hilton  saw  the  magnificent  mills  at  Bethlehem  Works,  which  he 
fully  described  in  the  Iron  and  Coal  Trades  Reviciv,  they  have  been 
removed,  complete  as  they  stood,  and  erected  at  Homestead,  where 
they  are  now  running  with  as  much  success  as  ever.  The  supply 
of  open-hearth  basic  steel  at  a  cheap  cost  makes  the  matter  of 
competing  with  Homestead  an  impossible  one  for  others  not  in 
possession  of  such  commanding  conditions,  and  this,  no  doubt,  was 
one  of  the  factors  that  determined  the  policy  of  removing  this  plant 
from  Bethlehem. 

At  Homestead  classification  of  work  is  carried  out  to  a  degree 
of  perfection  seldom  possible  at  any  other  works,  owing  to  the 
large  number  and  variety  of  their  mills.  This  has  an  important 
influence  upon  the  cost  of  production,  and  upon  the  efficiency  with 
which  the  work  is   carried    on. 

For  heavy  plates  the  ingots  are  reduced  to  slabs,  which  are  cut 
to  weights  of  plates  required,  as  is  the  general  practice  in  England. 

The  slabbing  mill  is  supplied  with  hot  ingots  from  vertical 
furnaces  heated  by  natural  gas.  They  are  handled  by  roof-supported 
cranes,  that  deliver  them  on  live  rollers  conveying  them  to  the  rolls. 

The  mill  is  upon  the  universal  principle,  and  has  two  pairs  of 
horizontal  and  two  pairs    of  vertical   rolls    driven    by   two   separate 
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pairs  of  engines,  30  by  60.  There  is  no  tilting  of  the  ingot,  and 
the  operation  is  carried  on  at  a  quick  speed.  No  men  are  engaged 
at  the  rolls  beyond  the  lever  man.  Slabs  are  sheared  by  hydraulic 
shears. 

The  slabs  are  re-heatetj  in  horizontal  furnaces  arranged  in  two 
settii-circles,  with  two  cranes  for  charging  and  drawing  for  six  furnaces. 
The  slab  is  placed  upon  the  live  roller  gear  of  the  plate  mill.  The 
mill  consists  of  one  set  of  rolls,  three-high,  and  is  driven  by  an 
engine  42  by  60,  with  heavy  flywheel.  There  are  tables  on  both 
sides  of  the  mill,  with  live  roller  gear  on  each.  The  middle  roll  is 
smaller  in  diameter  than  the  top  and  bottom  ;  both  the  top  and 
middle  rolls  are  balanced.  The  speed  is  high,  and  rolling  is  done 
without  any  attention  or  aid  from  attendants,  besides  the  table  man. 
An  output  of  150  tons  in  twelve  hours  is  easily  and  frequently 
obtained. 

The  plates,  when  rolled,  travel  upon  live  rollers  for  a  long 
distance,  and  are  marked  upon  the  way  to  the  shears,  with  but  little 
attention  to  the  surface  underneath.  Shearing  is  done  by  means  of 
castors,  standing  on  pillars  as  at  Bethlehem,  and  plates  are  loaded 
as  made,  and  sent   away. 

For  sketch  plates  the  delay  in  marking  would  interfere  with  the 
prepress  of  the  work,  and  wooden  templates  are  used  to  a  large 
extent,  in  order  to  facilitate  marking:  this  means -additional  cscpens^, 
but  it  is  a  mere  trifle  compared  with  that  of  stopping  the  mill. 

With  one  pair  of  rolls  the  surfaces  are  not  so  well  finished  and 
so  perfect  as  are  seen  in  England,  nor  is  the  inspection  and  testing 
allowed  to  interfere  with  the  regular  flow  of  the  work. 

The  most  recent  addition  to  the  plate-rolling  plant  has  been  the 
48-in.  universal  mill.  The  horizontal  rolls  of  this  mill  are  30  in. 
in  diameter  and  the  vertical  rolls  i/i  in.  They  are  driven  by  a 
50  by  60  in.  reversing  engine,  direct  connected,  and  are  served  by  a 
50-ton  crane  of  70  feet  span.  The  plates  are  rolled  off"  from  ingots, 
and  range  from  20  to  48  in.  wide,  f\r  to  2  in.  thick,  and  up  to  1 50  ft. 
in   length. 

There  arc  six  heating  furnaces,  in  two  rows,  between  which  are 
the  charging  and  drawing  machines.  These  are  of  the  low  type 
of  Wellman's  design,  and  are  driven  electrically.  The  ingots  are 
brought  in  by  locomotives,  and  the  bogies  stand  in  front  of  the 
furnace  to  be  charged  ;  the  claws  grip  the  ingot  endwise,  lift  it  off 
the  bogie,  and  place  it  upon  the  furnace  bottom.  The  furnaces  are 
regenerative,  and  measure  84  by  365  ft.  and  have  four  6-ft.  doors  each. 

There  arc  two  hot  beds,  one  on  each  side  of  a  line  of  live  rollers, 
and   the  plates  are  moved  along  the  beds  by  endless  chains. 

Vertical  water-tube  boilers  with  mechanical  stokers  are  used  for 
raising  steam. 

The  plates,  on  their  way  to  the  shears,  are  passed  through  a 
mangle  or  flattening  machine,  and  are  made  perfectly  flat  before 
shearing. 

The  largest  output  in  24  hours,  up  to  the  time  of  my  visit,  had 
been  576  tons.  Most  of  the  product  of  the  mill  was  intended  for 
bridge  work  and  pressed  steel  car    building.      The .  edges,  as    rolled. 
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were  considered  good  enough  for  the  purpose,  and  were  allowed  to 
pass,  though  not  perfectly  straight.  The  amount  of  waste  was 
reduced  to  a  very  low  figure,  as  practically  no  side  cutting  was 
done  at  all,  and  the  ends   were   immediately   cut   up   and    placed    in 
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boxes  for  charging  into  open-hearth  furnaces.  The  material,  in 
mostly  ail  instances,  had  to  be  sent  out  of  the  way  as  made,  and 
if  not  good'  enough  for  the  purpose,  there  was  no  provision  for 
keeping   it  on   one  side   to  wait  for  suitable   sizes,      The   number  of 
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hands   around    this   mil!  was   very   few,  and  the  quantity   turned  out       1 

would   make  the  product  of  this  mill  as  cheap   as  any  pi  ate- making         1 

plant   ill  the  world,  providing  the  ingot  cost  was  the  same,                           1 

The     whole     equipment,  including    buikliiv^'s.  boilers,    engines    and          1 

1 
> 

f 

1 

1 
1 

Akranijement. 

mill    machinery,  were   of  the   best   jjossible  description;   the  arrange- 
ment was  tjood,   and,  the   plant   may  be    regarded   As    a    model   fof 
the  .  class  of  work  it  has  to  perform. 

The    surfaces    of    the    finished    plates    are  not   as  good    as    are 
obtained,  from   chiUed   roils,   nor   are   tlie  edges  so  straight  eis  wheQ. 
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carefully  sheared,  but  the  standard  of  requirement  is  not  so  high 
as  with  us,  and  the  plates  are  considered  good  enough  for  alt 
practical  purposes. 

For  shearing  there  are  several  shears  placed  at  the  end  of  the 
live  roller  gear  which  delivers  the  plates  into  shearers*  hands.  The 
shearing  floor  is  lowered  and  the  cutting  edge  of  the  knife  is 
level  with  the  live  roller  gear,  the  plates  being  supported  by  castors 
standing  on  pillars.  The  shears  differ  somewhat  from  those  ia 
general  use  in  England,  the  knife  holder  being  disengaged  by  means 
of  a  clutch  gear  as  shown  in  the  illustration.  For  cutting  plates  up 
to  2  in.  in  thickness,  a  gagging  arrangement  is  operated  by  means 
of  hydraulic  pressure,  applied  through  a  shaft  carrying  two  eccentric 
cams,  which  give  the  downward  stroke  to  distant  pieces  coming  in 
contact  with  the  plates.  It  is  very  smart  in  its  action,  and  causes 
no  delay  in  shearing,  whilst  it  renders  much  help  to  the  forkers. 
The  shear  blade  for  side  cutting  is  132  in.  long,  and  the  tool 
is  well  made  and  strongly  built,  though  not  so  massive  as  many- 
seen  in  England  for  similar  work.    (Figs.  24  and  25.) 

Another  shear  for  end  cutting  has  a  blade  60  in.  long,  with 
gagging  arrangements  and  disengaging  clutch,  similar  to  the  other. 
A  feature  worth  noticing  is  that  shear  blades  are  made  with  two 
cutting  edges,  and  are  reversible.     (Fig.  23.) 

The  Rolling  of  Billets. 

F^'our-inch  billets  are  in  great  request  in  the  United  States,  and 
provision  is  found  at  all  the  rail  mills  for  turning  them  out  in  lai^e 
quantities,  the  arrangements  for  putting  into  cars  without  much 
manual  labour  being  varied  according  to  circumstances.  Several  mills 
were  laid  out  expressly  for  this  purpose,  and  others  are  now  in  course 
of  construction.  The  new  mill  at  the  Cambria  Works,  Johnstown,  is 
a  ^ratid  installation  in  every  respect,  and  would  probably  run  a  close 
UKV  uith  the  other  works  if  supplied  with  sufficient  steel,  but  six 
mcltJtii;  furnaces,  of  so-ton  capacity  each,  will  not  admit  of  fresh  records 
III  t^:s  direction. 

The  record  is  held  at  present  by  the  40-in.  mill  at  Duquesnc  Works, 
\%hv«c  tix\v  have  produced  1,478  tons  of  finished  material  in  24  hours,. 
AiKi  '.ipvNauis  of  30,000  tons  in  a  month. 

^.'^no  of  the  most  recent  plants  for  this  work  was  seen  at  the  Sharon 
x;vvi    V.  .'i:uMny\s  Works,  Sharon,   Pa.     This  plant  is   described    fully 

!U    Mv*     ■'  //    /jC«*  f^^^r  J"b'  4^^^»  1901. 

^'liv-  v*i  ibc  most  important  blooming  mills  recently  erected  in  the 

L  M.Uvi  '^-latcs  is  that  which  has  been  built  for  the  Sharon  Steel  Company^ 

In  ..K    I  \»>d-BcHnh  Company,  of  Youngstown,  Ohio.     (Figs.  11  to  13.) 

Viuuivi  liveable  mill,  built  for  the  same  enterprise,  is  the  billet   mill, 

xu^i^j.icvi   f>>    the   Morgan  Construction  Company,  of  Worcester,  Mass. 

V  ihuu  -^ci  ♦>!  mills  is  provided  by  the  same  concern  to  roll  wire  rods, 

.iiui  -iWiC  aie  wire  mills  and  wire  nail  mills,  a  tube  and  a  tinplate  plant. 

m  u.vii;i».'ii  :v»  c.u  h  row  of  wire  benches.     The  mill  is  driven  by  a  pair  of 

'J  1»\    ■  •  i.>>   ^v'  V  »oss-o.Mn[X)und  condensing  engines,  of  the  Buckeye  type. 

Ill  :\w  ^\.iK  .liid   uiil  mills  power  is  transmitted  from  the  engines  to  line 
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shafting  by  2-in.  ropes.  In  fact,  rope  power  is  used  throughout  the  entire 
plant  of  the  Sharon  Steel  Company  wherever  possible.  This  was  an 
innovation  first  introduced  by  John  Stevenson,  jun.,  at  the  rod,  wire  and 
nail  mills  of  the  Newcastle  Wire  Nail  Company,  at  Newcastle,  Pa., 
and  with  most  satisfactory  results.  Later  the  rope  power  system  was 
utilised  in  the  building  of  the  30-mill  tinplate  plant  of  the  Shenango 
Tinplate  Company,  at  Newcastle,  Ila. 

The  wire  nail  mill  is  contained  in  a  steel  frame  and  brick  building, 
1,260  ft.  long  by  70  ft.  wide,  in  which  will  be  installed  400  wire  nail 
machines  grouped  in  four  rows,  250  of  which  have  already  been  installed. 
These  wire  nail  machines  will  be  of  the  German  or  percussion  pattern. 
Power  is  furnished  the  wire  nail  mill  bv  overhead  shaftinir,  which  is 
driv^en  by  a  22  by  22  by  40  cross-compound  engine  of  the  Buckeye 
type.  The  kegs  are  made  in  their  own  keg  factory,  which  is  240  ft. 
long  by  70  ft.  span.  The  kegs  are  taken  by  a  keg  convc)or  to  the 
loading  department,  and  after  being  filled,  weighed  and  headed,  are 
taken  to  the  shipping  department  and  there  loaded  into  cars. 

The  mill  is  driven  by  a  reversing  engine  built  by  the  William  Tod 
Company,  Youngstown,  Ohio,  46-in.  cylinder  diameter  and  60-in.  stroke. 
The  mill  is  designed  to  roll  24-in.  ingots,  and  has  already  done  some 
initial  rolling  with  very  satisfactory  results. 

The  blooming  mill  is  38  in.  in  diameter. 

General  Observations. 

The  workmen  at  American  works  arc  generally  supposed  to  be 
working  much  harder  than  they  do  in  this  country,  but  this  is  not 
my  own  view.  After  much  conversation  with  many  men  in  various 
branches  who  had  been  employed  in  similar  works  in  England,  and 
some  of  them  subject  to  my  own  control,  the  conclusion  I  have  arrived 
at  is  that  the  American  workmen  do  not  work  so  hard  as  the  men  in 
England. 

They  have  to  be  attentive  in  guiding  operations,  and  quick  in 
manipulating  levers  and  similarly  easy  work.  They  are  also  much 
more  desirous  of  getting  out  large  quantities  than  they  are  in  England. 
All  steel  plants  and  rolling  mills  work  longer  hours — starting  at  six 
o'clock  p.m.  on  Sundays,  and  keeping  running  until  four  or  five  o'clock 
on  Saturdays.  Men  are  more  abundant,  and  the  various  operations  are 
so  much  simplified  that  an  experienced  man  is  not  required  to  conduct 
any  part  of  the  process.  They  are  better  paid,  and  are  more  regular 
in  their  attendance  at  the  works,  loss  of  time  through  drinking  habits, 
or  otherwise,  not  being  tolerated. 

More  and  closer  supervision  was  noted,  for  the  workmen  in  America 
do  not  act  upon  their  own  judgment,  but  carry  out  the  instructions 
given  to  them  ;  and  labour  is  sub-divided  to  such  a  large  extent 
that  each  man  has  an  allotted  part,  and  does  not  interfere  with  any 
other. 

At  some  rolling  mills,  when  the  least  thing  goes  wrong  with  the 
machinery,  the  roller  docs  not  attempt  any  adjustment,  but  leaves  that 
to  someone  else. 

The  arrangement  of  plant,  and  the  improvements  in   methods  of 
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working,  have  been  brought  about  by  energetic  and  competent  superin- 
tendents, who  have  mastered  their  own  conditions,  and  adapted  their 
tools  to  the  special  requirements  of  each  particular  case. 

The  introduction  of  electric  driving  has  been  of  great  advantage, 
and  has  been  extensively  adopted  at  nearly  every  works.  At  Home- 
stead upwards  of  100  overhead  cranes  were  seen  in  use  for  all  kinds 
of  purposes.  It  is  by  the  introduction  of  such  tools  that  it  has  become 
possible  to  deal  with  about  50,000  tons  per  week  of  finished  products 
at  Homestead  Works,  which  is  about  ten  times  the  amount  turned  out 
at  the  largest  works  in  England. 

The  machinery  has  undergone  many  additions  and  alter.itions 
from  time  to  time,  and  special  tools  have  been  designed  with  great 
success. 

The  various  inventions  of  the  Wellman-Seaver  Engineering  Com- 
pany stand  out  prominently  in  connection  with  the  open-hearth  and 
rolling  mill  departments. 

Blowing  engines  have  been  improved  and  increased  in  efficiency 
from  time  to  time  by  such  firms  as  the  Southwark  Foundry  Company, 
the  William  Todd  Company,  of  Youngstown,  the  E.  P.  Allis  Company, 
Milwaukee,  and  others.  The  demand  for  engines  has  been  so  great, 
and  the  number  of  firms  engaged  in  building  them  has  been  com- 
paratively small,  that  the  experience  gained  has  been  confined  to  a 
few  engineers,  who  make  a  point  of  not  making  two  pairs  alike,  if  any 
improvement  can  possibly  be  introduced.  Compound  condensing 
engines  have  been  developed  lately,  and  some  of  these  represent  the 
best  practice  ;  they  are  very  massive  and  well-proportioned,  economical 
in  the  consumption  of  steam,  and  equal  to  any  amount  of  driving 
without  incurring  any  risk,  with  rigidity  in  working  parts,  and  ex- 
cellence of  finish  in  wearing  parts  ;  but  no  attempts  are  made  at  high 
class  polish  for  the  sake  of  appearance,  and  utility  and  reliability  arc 
aimed  at  more  than  showy  display. 

In  cranes,  again,  the  Morgan  Engineering  Company,  of  Alliance, 
Ohio,  stand  pre-eminent.  It  devotes  close  attention  to  their  con- 
struction, and  makes  arrangements  for  the  manufacture  of  cvcr\-  part, 
giving  the  requirements  of  each  case  special  study,  until  their  cranes 
have  gained  a  great  reputation,  and  the  large  number  made  has  given  an 
immense  amount  of  experience  within  a  short  space  of  time. 

One  great  fact  was  clearly  demonstrated — the  exact  knowledge 
possessed  of  the  performances  of  others.  Publishing  records,  and 
the  circulation  of  information  relating  to  machines,  engines,  and  other 
parts  of  different  plants,  have  become  general  and  well-established. 
Labour-saving  machines  are  watched  with  care,  and  no  time  is  lost  in 
following  any  successful  effort  at  cheapening  production. 

Information  as  to  actual  labour  cost  was  difficult  to  obtain,  but  a 
statement  has  been  made  by  Mr.  Charles  M.  Schwab,  the  best  possible 
authority,  that  whilst  the  American  steel  maker  paid  his  workmen 
twice  the  amount  of  money  per  man  paid  by  the  iMiglish  steel  maker, 
yet  the  former  produced  his  work  at  one-third  the  cost  per  ton  that  the 
latter  did.  Whilst  this  may  be  correct  in  a  general  way,  it  does  not 
appear  to  be  so  in  the  converting  of  pig-iron  into  ingots,  either  at 
the  Bessemer  plants  or  in  the  open-hearth  departments.     And  it  is  very 
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questionable  whether  the  lowest  possible  costs  in  America  are  much, 
if  any,  below  the  actual  costs  of  some  of  the  best  in  England.  In  the 
rolling  of  ingots  into  finished  material,  the  introduction  of  machinery 
in  America  makes  the  difference  in  this  section  much  more  favour- 
able to  the  American  producer,  but  the  repair  bill  is  an  item  that 
must  be  reckoned  with,  and  is  of  necessity  heavy  with  so  much 
machinery. 

The  most  noteworthy  and  one  of  the  most  important  factors  in 
the  development  and  progress  of  the  manufacture,  has  been  the  readiness 
of  employers  to  provide  the  means  of  obtaining  new  machinery.  And 
the  desire  to  have  the  best  of  its  kind  has  resulted  in  the  practice 
of  calling  in  experts  in  their  respective  branches  to  advise  on  and 
design  different  parts  of  the  plant.  Thus  it  is  found  that  Mr.  Julian 
Kennedy,  or  the  Garrett-Cromwell  Company,  or  the  Wellman-Seaver 
Company,  are  frequently  called  on  to  serve  some  of  the  largest 
and  most  influential  firms  in  the  country,  who  have  in  their  employ 
large  numbers  of  superintendents  and  engineers  that  might  be  thought 
equal  to  any  work  demanded  of  them. 

The  readiness  to  "  scrap "  any  machine  or  tool,  once  it  can  be 
shown  that  a  saving  can  be  effected  by  doing  so,  is  even  more 
remarkable  than  the  desire  to  buy  new  machinery.  One  instance  may 
be  given  illustrating  this  fact.  An  engine  builder  was  asked  to  supply 
the  best  engine  for  blast  furnace  hoisting  purposes,  and  he  paid  a  visit 
to  one  of  the  most  advanced  plants  to  see  what  they  had  at  work,  and 
to  learn  if  any  complaints  were  made  against  specific  details,  or  if  any 
improvement  was  suggested.  Having  been  shown  the  best  that  was  at 
•work,  the  superintendent  said  he  could  sell  him  a  better  one,  which 
had  been  ordered  for  replacing  one  then  in  use,  but  which  had  never 
been  used.  Upon  enquiring  why  this  engine  was  to  be  sold,  the  reply 
•came  that  since  ordering  the  hoisting  engine  they  had  introduced  an 
•electric  winch,  and  it  was  so  much  in  advance  of  the  newest  steam 
•engine  that  they  had  decided  not  to  erect  the  engine  at  all,  but  to  order 
another  electric  winch  at  once. 

On  another  occasion,  a  new  Bessemer  plant  had  been  erected,  and 
just  got  into  operation.  Its  productive  powers  were  soon  put  to  the 
test,  and  the  performance  was  not  so  good  as  that  of  another  plant 
with  converters  of  a  larger  capacity.  Once  this  fact  was  clearly  estab- 
lished, the  firm  that  supplied  the  converters  was  communicated  with, 
plans  for  larger  vessels  were  prepared,  and  a  new  contract  was  given 
•out  at  once.  Then  a  bonus  was  added  for  every  week  that  the  time 
specified  for  delivery  could  be  anticipated  ;  this  the  maker  tried  to 
secure  by  working  night  and  day  until  the  new  converters  were  finished 
and  set  to  work. 

Much  of  this  promptness  of  action  is  no  doubt  due  to  the  fact  that 
principals  are  in  close  touch  with  the  day-to-day  requirements,  and  no 
delays  arise  in  obtaining  the  sanction  and  approval  required  for  the 
outlay  involved.  The  inventive  powers  of  responsible  heads  are 
stimulated  to  the  utmost  by  this  policy,  and  their  advancement  depends 
upon  the  success  with  which  their  ideas  and  suggestions  are  carried 
out.  Some  huge  blunders  are  made  now  and  again,  and  their  results 
'would  probably  have  discouraged  many  weaker  men,  but  in  such  cases 

O    O   1L 


kWKKiCAN    INnUSTKIAL 


-  ...Atlc  in  America,  and  by  avoiding  previc 
CSS  IS  achieved  afterwards. 

with  such  large  quantities  of  material  has  a  marked 
c  upon  general  charges.  Directors'  fees,  and  the  bank  charges 
-une  of  the  small  producers  in  our  own  countrj-  absorb  as  much 
r  profit  as  the  total  cost  of  converting  pig-iron  into  ingots  ;  and 
tii£fcrence  tti  this  important  item  is  more  in  favour  of  the  American 
ducer  than  any  other,  in  consequence  of  turning  out  large  quantities. 
.  single  establishment. 
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INTRODUCTION. 

In  looking  at  the  conditions  of  the  American  iron  trade  compared  with 
that  of  Great  Britain,  it  is  seen  at  once  that  it  has  many  advantages. 
In  the  first  place,  being  a  new  country,  America  has  had  the  advan- 
tage of  British  experience  and  inventions,  and  with  the  aid  of  unlimited 
resources,  almost  unlimited  capital,  and  a  great  amount  of  business 
aptitude,  they  have  developed  the  ideas  which  Great  Britain  has  in 
the  main  furnished  them  with,  and  so  brought  their  practice  in 
steel  manufactures  to  the  highest  possible  state  of  efficiency.  Such 
attainments  arc  possible,  almost  entirely,  on  the  part  of  the  British 
manufacturer,  but  he  will  have  to  be  content  to  do  away  with 
old  methods  as  far  as  possible,  and  start  with  new  ideas  and  new 
machinery.  There  are  three  courses  open  to  the  British  manu- 
facturer. Either  he  must  stand  where  he  is  with  his  old-fashioned 
appliances,  which  in  many  instances,  especially  in  the  Midlands,  are  as 
old  as  the  iron  trade  itself,  and  so  incur  the  chance  of  being  crushed  out 
altogether,  or  he  may  more  or  less  adapt  his  old  machinery  by  the 
partial  installation  of  new,  and  so  greatly  improve  his  existing  plant 
There  is  no  doubt  that  this  latter  plan  is  being  followed  to  a  greater 
extent  at  the  present  time  than  it  ever  has  been  before,  and  the  British 
iron  trade  is  gradually  awakening  from  the  self-confidence  which  had 
characterised  it  for  so  many  years.  Again,  the  British  manufacturer 
may  begin  de  novo,  scrap  his  plant,  and  discard  the  old-fashioned 
methods  altogether,  and  put  down  a  first-class,  modern,  up-to-date 
plant.  This,  of  course,  involves  two  things — boldness  and  confidence  in 
the  future,  and  a  considerable  amount  of  capital  expenditure.  This 
question  of  capital  is  one  in  which  the  American  has  a  great  advantage 
over  the  Britisher,  inasmuch  as  his  home  trade  is  of  such  enormous  magni- 
tude that  it  first  makes  him  practically  independent  of  foreign  customers; 
and,  secondly,  his  home  trade  is  so  highly  protected  that  it  is  impossible 
for  the  foreigner  to  come  in  and  compete  with  the  American  maker. 
I  believe  that  the  third  alternative  of  building  a  new  plant  from  the 
foundation  is  making  headway  among  British  capitalists  in  the  iron  and 
steel  trades,  and  although  the  expenditure  is  great,  there  is  no  doubt 
that  they  will  reap  the  benefit  in  the  long  run.  But  we  must  remember 
that  the  American  practice  is  constantly  undergoing  change,  and  what  is 
a  modern  mill  to-day  may  be  discarded  in  twelve  months  or  two  years' 
time  and  may  be  supplanted  by  improvements  emanating  from  the  ever 
active  and  enterprising  engineers  of  America. 
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Notwithstanding  these  difficulties,  there  is  no  reason  why  the  English 
manufacturer  should  lose  heart.  There  are  great  possibilities  even  with 
the  existing  plant.  The  British  manufacturer  always  has  been  able  to 
overcome  difficulties,  and  if  he  sets  about  it  in  earnest,  with  that  tenacity 
and  courage  which  is  one  of  his  chief  characteristics,  a  wonderful  im- 
provement may  be  made  upon  the  existing  state  of  things  in  this  country. 

In  looking  at  the  American  trade  we  must  remember  that  the 
production  of  iron,  in  the  form  of  puddled  iron,  and  iron  piles  in  the 
mill,  is  almost  a  thing  of  the  past,  although  in  some  departments  iron 
still  holds  its  own  and  is  very  much  better  adapted  than  steel  for 
particular  purposes.  It  yet  remains  to  be  seen  how  far  steel  will 
ultimately  and  finally  replace  iron,  because  there  is  no  doubt  that  the 
application  of  steel  to  some  purposes  is  on  its  trial.  Complaints  are  con- 
stantly heard  of  the  short  life  of  steel  under  certain  conditions.  It  would 
take  years  at  least  of  thorough  tests  to  decide  whether  steel  is  more 
suitable  than  iron  for  some  of  the  purposes  to  which  it  is  now  put. 
There  is  doubt  that  in  all  cases  where  steel  is  exposed  to  the  weather, 
and  where  the  coating  on  steel  is  removed  by  any  action  whatever,  that 
the  life  of  steel  is  infinitely  shorter  than  that  of  iron,  and  whether  the 
users  of  this  material  will  ultimately  waken  up  to  that  fact  and  revert  to 
iron  remains  to  be  seen.  If  improved  methods  could  be  brought  about 
so  as  to  cheapen  the  cost  of  production  of  iron,  and  make  it  of  finer 
quality,  there  is  no  doubt  that  it  would  have  a  much  better  chance  in 
the  race  of  competition  with  steel.  There  are  makers  in  America,  as 
well  as  in  this  country,  who  still  have  a  large  faith  in  the  future  of  iron, 
and  believe  it  will  probably  come  more  in  favour  for  purposes  for  which 
steel  at  the  present  time  is  used. 

Some  Merchant  Mills  and  their  Accessories. 

In  the  case  of  the  rolling  mill  practice  of  merchant  mills  there  is 
no  doubt  that  the  Americans  have  bar  mills  of  far  greater  capacity 
than  anything  we  possess.  In  fact,  so  astounding  is  their  capacity 
that  one  wonders  where  the  demand  is  coming  from  to  keep  up  with 
the  extraordinary  output  of  such  mills,  if  many  were  put  down. 

But  we  must  have  faith  in  the  future,  and  go  upon  the  principle 
that  the  cheaper  the  article  is  produced  the  greater  will  be  the  ultimate 
demand.  There  is  no  doubt  that  there  are  almost  illimitable  oppor- 
tunities for  the  English  production  of  iron  and  steel,  if  we  could  only 
produce  it  as  cheaply  as,  or  more  cheaply  than,  other  countries  with 
whom  we  arc  competing  at  the  present  time.  Not  that  we  can  hope 
to  find  the  consumj)tion  of  iron  greatly  increased  in  our  own  country'-,  but 
we  do  hope  to  find  it  in  the  ever-increasing  requirements  of  the  world. 

One  of  the  most  modern  examples  of  the  merchant  mill  is  to  be 
seen  in  Pittsburg  ,  it  is  a  lo-in.  Morgan  mill  for  rolling  merchant  iron 
at  the  Duquesne  Works  belonging  to  the  United  States  Steel  Cor- 
poration, which  was  recently  built  and  laid  out  on  a  most  thorough 
and  comprehensive  plan.  The  main  building  in  this  mill  is 
870  ft.  long  b\'  200  ft.  wide,  the  height  to  the  eaves  being  30  ft.,  and 
the  apex  of  the  roof  60  ft.,  with  a  jack  roof  running  the  entire  length 
of  the  whole.  This  roof,  which  is  a  magnificent  piece  of  work,  was 
made  b\'  the  American    Ikidge    Company.      The  mill   is  lighted  by 
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electricity  throughout,  and  is  supplied  by  a  travelling  crane  of  60-ft. 
span,  and  of  1 3  tons  capacity.  The  size  of  the  building  devoted  to 
the  boiler  house  is  200  ft.  long  by  65  ft.  wide,  containing  six  batteries 
of  boilers  of  two  each,  and  500-h.p.  each  battery.  They  are  of  the 
Cahall  type,  and  altogether  are  of  3,000-h.p.  There  is  a  purifying 
plant  and  a  heating  and  pumping  plant  for  the  purpose  of  supplying 
water  to  the  boilers.  The  handling  of  fuel  is  done  by  an  electric 
hoist.  The  pressure  carried  on  the  boilers  is  150  lbs.  to  the  square 
inch,  and  the  size  of  the  main  steam  pipes  carrying  the  steam  from 
the  boilers  to  the  engines  is  16  in.  diameter.  There  are  also  automatic 
stokers  attached  to  the  boilers.  As  regards  the  furnaces,  they  are 
of  the  continuous  charging  and  continuous  drawing  type  ;  length  32  ft, 
breadth  18  ft.,  and  the  height  of  the  roof  (which  is  a  patent  suspended 
roof  of  the  Morgan  type)  is  2  ft.  6  in.  to  4  ft.  from  the  furnace  bed. 
They  are  capable  of  charging  and  drawing  86  bars  in  the  hour.  In 
connection  with  the  furnace  there  is  a  Sturtevant  No.  5  fan,  driven 
by  an  electric  motor  of  about  13-h.p.  This  supplies  forced  draught 
to  the  furnace,  and  also  works  the  mechanical  appliances  for  charging 
and  drawing  the  furnace.  The  bars  are  pushed  down  the  furnace  by 
a  steam  pusher  as  required.  As  far  as  we  could  see  the  billets  remained 
in  the  furnace  from  the  time  that  they  were  charged  to  the  time  they 
were  drawn.  This  was  about  one  hour.  The  engine  which  drives 
the  mill  is  of  the  Buckeye  type,  compound,  high  pressure  cylinder 
30  in.  diameter,  low  pressure  cylinder  54  in.,  length  of  stroke  48  in. ; 
weight  of  flywheel  about  20  tons  ;  and  the  belt  necessary  for  the 
purpose  of  driving  the  different  parts  of  the  mill  was  60  in.  wide.  The 
normal  speed  of  the  engine  is  70  revolutions,  and  is  so  arranged  that 
any  speed  can  be  attained  from  60  to  100  revolutions  a  minute.  The 
breaking  down  of  the  billet,  say,  from  the  2-in.  or  whatever  size  they 
may  use,  is  accomplished  by  a  set  of  four  or  five  rolls  in  a  continuous 
train,  and  the  speed  at  which  they  are  driven  is  about  two  to  one 
of  the  speed  of  the  engine.  The  speed  of  each  roll,  of  course,  varies 
as  the  billet  passes  through,  and  this  nice  adjustment  of  speed  is 
arranged  first  by  the  gear  and  next  by  the  altered  size  of  the  rolls 
to  suit  the  requirements  of  the  billet  as  it  is  brought  down  by  each 
successive  pass  to  a  smaller  size.  The  bar  passes  through  10  sets 
of  rollers  altogether.  After  passing  through  the  continuous  break- 
down rolls  the  bar  goes  through  three  short  trains  of  rolls,  the  first 
train  having  3  revolutions  to  i  of  the  engine,  the  next  train  4  to  i, 
and  the  last  finishing  train  about  Sj  to  i  of  the  engine.  The  necks 
of  the  rolls  are  generally  14  in.  long,  and  7  in.  diameter ;  the 
different  sets  of  rolls  are  separated  from  each  other  by  long  steel 
spindles  coming  from  the  main  machinery.  The  finished  bar  is 
delivered  on  to  an  incline  rack.  This  rack  is  one  of  the  most  won- 
derful parts  of  the  mill.  It  is  450  ft.  long,  and  by  a  series  of 
horns  on  the  rack,  which  are  moved  automatically  by  machinery,  each 
bar  is  gradually  moved  down  from  the  top  of  the  rack  to  the  bottom, 
by  which  time  the  bar  is  cold,  or  nearly  so.  At  the  bottom  of  the 
rack  are  rollers,  and  when  a  sufficient  number  of  bars  are  discharged 
into  the  rollers  they  are  moved  forward  to  the  shearing  machine,  which 
is  placed  at  the  far  end  of  the  rack.     The  bars  are  cut  into  the  lengths 
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required,  deposited  into  a  large  cradle,  tlien  lifted  up  by  an  electric 
crane  and  deposited  in  a  railway  truck  which  is  standing  close  at 
hand,  and  which  is  of  30  to  40  tons  capacity.  The  bars  are  then 
ready  to  be  sent  to  their  destination.  The  output  of  this  mill  is 
something  like  200  or  250  tons  in  24  hours,  and  some  idea  can  be 
attained  of  the  completeness  with  which  the  operation  is  performed 
from  the  fact  that  the  whole  process  from  the  start  to  the  stage  at 
which  the  steel  is  deposited  in  the  truck  is  all  done  by  automatic 
machinery,  no  hand  labour  being  employed.  This  mill  at  Duquesne 
had  only  been  in  operation  about  two  weeks  when  we  visited  it ;  they 
had  not  got  quite  straight  at  that  time,  but  hoped  to  do  much  bigger 
things  in  the  future  than  they  had  already  done. 

Another  mill  of  the  same  kind,  only  perhaps  not  quite  so  modern, 
is  at  Jones  &  Laughlins,  Pittsburg.  This  firm  has  the  same 
appliances  for  automatically  charging  and  delivering  from  the  furnace.s. 
The  bar  in  that  case  is  also  rolled  in  a  continuous  set  of  four  tandem 
rolls,  passing  thence  into  three  sets  of  rolls.  The  driving  belt  in  this 
case  is  40  in.  wide,  and  the  same  belt  passes  over  four  seta 
of  pulleys  which  drive  the  different  rolls  in  the  mill.  They  claim 
that  they  can  roll  200  or  250  tons  of  i-in.  rounds  in  24  hours. 
This  is  a  lo-in.  mill.  At  Jones  &  Laughlins,  also  under  the  same 
roof,  is  a  larger  mill,  in  which  a  5-in.  billet,  about  18  ft.  long,  is 
used.  The  continuous  charging  furnace  used  in  this  mill  is  one  on 
which  great  improvements  were  made  by  one  of  their  managers. 
The  railway  truck  runs  up  to  the  back  of  this  furnace,  when  the 
billets  are  picked  up  by  a  crane  and  pushed  into  the  furnace  by  a 
pusher,  then  drawn  by  mechanism  out  of  the  furnace  in  the  usual 
way.  The  bars  are  rolled  from  150  to  200  ft.  long,  and  discharged 
on  to  a  rack  similar  to  that  ])rcviousIy  described.  The  crane  at  the 
end  of  the  rack  is  caj)ablc  of  picking  up  about  30  tons  at  a  time. 
After  being  sheared,  it  is  j)laccd  in  the  railway  wagon  in  the 
finished  state.  It  is  claimed  that  this  mill,  with  good  orders  running 
from  i;{-in.  to  2-in.  rounds,  is  capable  of  prcxiucing  500  tons  in  24 
hours.  There  was  also  seen  at  Jones  &  Laughlins  a  lO-in.  mill, 
rolling  2-in.  angles  which  can,  it  is  claimed,  do  about  70  tons  a  day, 
but  this  is  looked  upon  as  old-fashioned.  Nearly  the  whole  of  the 
furnaces  are  heated  bv  natural  gas,  which  is  brought  a  distance  of 
about  70  miles.  W'c  were  told  that  8  cents  per  1,000  cubic  feet 
of  this  natural  gas  wr.s  equal  in  price  to  coal  at  about  one 
dollar  a  ton,  but  the  workmen  j)rcfer  the  natural  gas,  as  it  is  much 
cleaner,  is  thoroughly  under  control,  and  heats  the  iron  very 
regularl}'.  We  also  saw  a  large  girder  mill  of  three-high  rolls, 
worked  I)y  platforms  at  each  side  of  the  rolls.  The  platform  was 
electrically  driven,  and  could  be  raised  or  lowered  as  required  to 
feed  the  upper  or  lower  rolls.  A  cjuestion  arose  as  to  whether  this 
was  better  than  the  reversing  mill  as  we  have  them  in  this  country-, 
but  the  manager  said  it  was  a  debatable  point.  There  is  no  doubt 
that  the  engines  running  one  way  continuously  occasions  much  less 
strain  u|)on  both  engines  and  machinery.  They  claimed  to  be  able 
to  roll  600  to  700  tons  of  large  girders  of  a  good  order  for  a  days 
work.      We  also   saw    at    the  Homestead    Works    a   lO-in    guide    mill 
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which  was  considered  by  them  as  old-fashioned.  It  was  a  survival 
of  olden  times,  and,  in  fact,  one  of  the  oldest  parts  of  the  Home- 
stead Works.  They  use  a  4-in.  billet  cut  into  lengths  of  about  150 
lbs.  weight ;  in  this  mill  their  turn-out  is  about  90  to  100  tons 
in  24  hours  of  ^  rounds.  They  charge  about  five  tons  in  the 
heating  furnace  at  one  charge,  but  this  is  neither  a  continuous 
charging  furnace  nor  a  continuous  rolling  mills  ;  it  is  a  system  used 
by  the  Homestead  people  to  supply  a  si>ecial  quality  of  steel  for 
which  they  have  a  constant  demand. 

Sheet- Rollins:  Mills. 

Probably  the  best  example  to  be  found  in  the  States  of  a  complete 
sheet-rolling  plant  is  at  Vandergrift,  about  30  miles  from  Pittsburg, 
belonging  to  the  United  States  Steel  Corporation.  The  idea  of 
erecting  the"  works  in  this  locality  occurred  to  Mr.  McMurtry  some 
few  years  ago.  He  selected  a  suitable  s|x>t  in  the  countr}',  close  to  the 
Kiskiminitis  River,  and  in  the  heart  of  beautiful  scenery.  The  works 
and  the  town  of  Vandergrift  are  the  result  of  a  great  conception  by 
Mr.  McMurtry  and  Mr.  Vandergrift  of  taking  works  away  from  the 
town,  planting  them  amid  healthy  surroundings,  and  designing  a  model 
works  and  a  model  town  to  accommodate  the  workmen.  This  is  more 
or  less  on  the  lines  of  several  ventures  of  a  similar  kind  in  this  country, 
and  is  the  object  of  the  Garden  City  Association.  But  it  seems  to  me 
that  \^andergrift  realises  to  a  greater  extent,  perhaps,  than  any  other 
experiment  of  the  kind  the  full  consummation  of  the  ideas  of  the  pro- 
moters and  founders  of  that  town.  The  works  find  employment  for 
about  3,000  persons.  All  of  these  are  housed  in  the  town  of  Vandergrift, 
with  the  result  that  the  town  seems  to  be  a  |>erfect  ideal  as  far  as  the 
works  and  the  construction  and  convenience  and  healthiness  of  the 
place  are  concerned. 

The  whole  process  of  sheet  making,  from  the  output  of  the  steel  in 
the  open-hearth  furnaces  to  the  galvanising  and  corrugating  of  sheets,  is 
carried  out  in  the  one  works,  Mr.  Julian  Kennedy  being  the  engineer 
and  designer  of  the  plant.  Throughout  the  plant,  details  are  arranged  in 
such  a  perfect  way  that  one  process  and  one  department  follows  the  other 
in  easy  succession,  so  as  to  bring  about  the  greatest  economy  of  labour. 
The  process  commences  with  six  open -hearth  furnaces — two  basic  and 
four  acid.  One  heat  of  basic  metal  takes  about  seven  and  a  half  hours, 
and  one  heat  of  the  acid  process  takes  about  eight  hours.  The  iron  as 
tapped  from  the  furnace  is  cast  into  5,000-lb.  ingots.  About  2,500  tons 
per  week  are  made  in  these  furnaces  ;  and  16,000  gross  tons  of  steel 
have  been  made  without  repairing  a  single  furnace  between  March  and 
October.  Ordinarily,  18  heats  a  week  are  produced  from  the  acid 
furnace,  and  13  heats  a  week  from  the  basic  furnace.  When  the  ingot 
is  taken  from  the  pit  to  the  blooming  mill  it  is,  in  less  than  five  minutes, 
rolled  down  in  a  continuous  mill  into  a  sheet  bar.  The  blooming  mill 
engine  is  by  Todd,  of  Voungstown,  and  is  of  4,000  h.p.  This  blooming 
mill  is  said  to  be  1,160  ft.  long.  The  roller,  engineer,  and  manipulator 
work  the  electric  appliances  in  what  is  called  a  pulpit  above  the  mill. 
The  bloom  passes  through  several  pairs  of  rolls  before  being  finished, 
and  by  the  time  it  gets  to  the  end  of  a  mill  it  is  cold  enough  to  be 
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sheared  into  the  required  lengths,  which  lengths  fall  into  a  bath  of  water. 
The  bars  are  then  picked  out  of  the  water  and  arc  taken  to  the  mill, 
ready  for  charging  in  the  mill  furnace.  The  sheet  mill  is  one  of  the 
most  remarkable  sights  to  be  seen  anywhere  in  sheet-rolling  practice. 
There  are  altogether  20  mills  in  one  row.  One  engine  operates  eight 
mills,  four  on  each  side.  Each  mill  consists  of  one  roughing  roll  and  one 
finishing  roll,  besides  which  there  are  cold  rolls  at  the  end  of  the  train. 
The  engine  is  a  Porter-Allen,  44-in.  cylinder,  4-ft.  stroke,  working  at  a 
pressure  of  120  lbs.  per  sq.  in.,  and  80  revolutions  per  minute,  with  a  fly- 
wheel of  50  tons  weight,  and  it  is  supposed  to  develop  2,000  h.p.  There 
are  two  furnaces  to  each  mill,  one  called  a  pair  furnace,  in  which  the  bars 
are  heated,  and  the  other  the  doubling  furnace.  At  the  time  we  were  there 
there  were  two  separate  furnaces,  but  they  were  designing  a  furnace  by 
which  the  heating  furnace  and  the  doubling  furnace  would  be  combined 
in  one,  so  that  the  waste  heat  from  the  pair  furnace  would  heat  the 
doubling  furnace.  These  furnaces  are  fired  by  gas  produced  upon  the 
premises.  The  length  of  rolls  on  each  side  of  the  engine  is  about 
165  ft.  The  spindles  are  16  in.  diameter,  and  four-way  wabblers. 
The  engines  are  controlled  by  Porter-Allen  governors.  The  wheels 
are  steel,  of  the  helical  type.  One  of  the  features  of  the  mill  is  a 
machine  worked  by  steam  for  doubling.  The  shears  are  by  Bliss  &  Co., 
of  Brooklyn,  and  have  i4J-in.  shear  blades,  worked  by  a  20-h.p. 
motor.  The  whole  mill  is  nearly  1,000  ft.  long,  but  they  were  in  the 
act  of  extending  the  roof  and  erecting  eight  or  ten  more  mills.  All 
these  mills  were  being  put  in  the  same  line.  The  roughing  rollers  are 
cooled  by  water  between  the  heats ;  these  rolls  are  carried  by  a  balance. 
Steel  spindles  and  pinions  are  used  throughout.  The  sheets,  after 
being  sheared,  are  taken  to  an  immense  shop,  in  which  are  the  close 
annealing  furnaces,  about  10  ft.  wide  ;  15  or  20  tons  of  sheets  are  placed 
in  each  close  annealing  pot.  Altogether  16  furnaces  are  used  for  close 
annealing  sheets  of  all  sizes. 

After  being  annealed  the  sheets  are  put  in  the  pickling  vats,  and 
from  there  taken  successively  into  the  galvanizing  department,  to  the 
corrugating  shop,  and  to  the  packing  department.  Running  close 
alongside  this  department  are  the  railway  wagons  ready  to  receive  the 
cases  of  sheets.  The  length  of  the  warehouse  is  sufficient  to  take  1 3 
cars  standing  together.  They  usually  keep  a  stock  of  from  2,000  to 
5,000  tons  of  galvanized  and  corrugated  sheets.  At  the  time  we  were 
there  they  were  able  to  produce  nearly  2,000  tons  a  week  of  galvanized 
sheets.  The  power  necessary  to  work  all  this  huge  works  was  produced 
by  42  boilers  of  the  Cahall  type  ;  all  the  water  is  filtered  before  going 
into  the  boilers,  and  the  pressure  of  steam  carried  is  120  lbs.  They 
are  able  to  produce  sheets  144  in.  long  by  48  in.  wide.  Running 
over  all  the  sheet  mills  is  an  electric  travelling  crane,  by  which  all 
machiner}'  is  changed.  The  rolls  are  taken  out  bodily,  holsters  and 
all,  every  week  end,  another  set  being  ready  to  put  in  their  place  ; 
and  then  the  rolls  which  require  re-turning  are  turned  on  the  lathe, 
ready  to  put  back  again  when  required.  The  rolls  are  put  on  to  the 
lathe  by  the  same  crane.  So  quick  is  a  change  made  in  the  case  of 
broken  rolls  that  it  is  said  that  the  whole  operation  of  replacement  by 
a  new  set  has  been  done  in   12  minutes. 
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In  the  sheet  works  under  the  control  of  Mr.  McMurtiy  in  the 
Kiskiminitis  Valley  there  are,  or  will  be  in  a  short  time,  about 
54  mills — 29  at  Vandcrgrift,  6  at  Apollo,  10  at  Litzburg,  4  at 
Saltsburg,  and  5  at  Hyde  Park.  At  Vandergrift  they  also  make  thek 
own  chill  rolls  of  very  good  quality',  and  which  we  have  reason  to 
believe  are  being  sent  to  this  country  for  use  by  English  manufacturers  ; 
but  it  must  be  remembered  that  the  rolling  mill  practice  is  different 
to  ours,  in  so  far  that  all  the  sheets  are  made  from  steel  bars 
instead  of  piles,  and  that  every  mill  consists  of  two  pairs  of  rolls,  one 
breaking  down  and  one  finishing,  thereby  reducing  greatly  the  strain 
upon  the  finishing  roll,  and  so  tending  to  increase  the  length  of  life  of 
the  rolls.  Notwithstanding  the  great  production  of  the  American  Steel 
Sheet  Company,  which  is  increasing  month  by  month,  all  their  products 
are  readily  taken  up  by  the  American  demand,  as  sheets  are  being 
used  to  an  increasing  extent  for  various  purposes,  as  time  develops 
their  suitability. 

Vanders:rift— A  Model  Town. 

One  of  the  most  interesting  features  in  connection  with  the 
Vandergrift  W^orks  is  the  way  in  which  the  workmen  live. 

After  a  great  deal  of  travel  in  different  countries  and  enquiring  into 
various  modes  of  erection  and  of  laying  out  a  model  town,  Mr. 
McMurtry  developed  the  plan  of  Vandergrift,  as  it  is  now  in  existence. 
The  town  is  laid  out  in  beautiful  wide  streets  paved  with  hard  brick. 
The  sanitation  was  the  first  consideration.  A  complete  system  of 
sewage  was  established,  and  the  entire  town  site  was  supplied  with  an 
abundance  of  pure  water,  natural  gas,  and  electricity.  The  men  are 
encouraged  to  erect  their  own  houses,  and  after  saving  a  certain  amount 
of  money  by  which  they  buy  the  land,  they  have  loans  advanced  for  the 
erection  of  the  houses.  The  houses  are  nearly  all  detached  and  cost 
from  1,500  to  3,500  dels.  The  land  would  probably  cost  about  6oo 
dols.  j)cr  house.  The  houses  consist  generally  of  a  nice  entrance 
hall,  two  or  three  reception  rooms,  a  kitchen  where  the  heating  and 
cooking  are  done  by  stoves  heated  by  natural  gas,  three  or  four  bed- 
rooms, a  dressing  room  and  a  bathroom.  Electric  light  is  generally 
installed  throughout  tlie  houses,  and  in  some  cases  at  the  bottom  of  the 
small  garden  the  workman  may  have  a  small  stable  in  which  he  keeps 
one  and  sometimes  two  ponies.  The  houses  are  very  elegant  in  their 
construction  and  furnishing,  and  from  what  we  saw  of  them  models 
of  tidiness  and  cleanliness.  The  men  earn  good  wages,  but  the  wages 
go  into  the  liousc  for  the  comfort  and  convenience  of  the  family.  One 
special  feature  of  Vandergrift  is  that  there  is  not  a  single  saloon  in  the 
place  in  wiiich  intoxicating  drinks  are  sold.  Men.  of  course,  can  order 
intoxicating  drink,  and  have  it  in  the  form  of  barrels  or  bottles  in  their 
cellars,  but  as  a  rule — I  might  say,  indeed,  the  universal  custom — there 
is  no  indulgence  in  intoxicating  drinks.  It  was  one  of  the  special 
conditions  imposed  b\'  the  founder  that  there  should  be  no  saloons,  and 
this  no  doubt  accounts  for  the  universal  air  of  prosperity,  contentment, 
and  happiness  which  prevailed.  They  have  a  democratic  form  of 
government  in  the  town,  and  most  of  the  governing  bodies  are  formed 
by  working  men.     The  chairnian  of  the  School  Board  is  a  sheet  roller. 
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They  have  churches  of  all  denominations  in  the  town — Methodist, 
Lutheran,  Presbyterian,  United  Presbyterian,  Reformer,  Baptist,  Free 
Methodist,  and  Catholic.  There  is  no  Episcopal  Church,  but  a  service 
in  connection  with  that  Church  is  held  in  the  town.  Sunday-schools 
are  attached  to  all  the  chapels.  I  asked  the  question  how  many  police- 
men were  in  the  town  ?  The  answer  was  one,  and  he  was  mostly 
useful  to  keep  the  doga  in  order.  Two  justices  of  the  peace  were 
elected  by  the  people,  but  no  court  house  seemed  to  be  necessary.  The 
taxes,  county  taxes,  and  local  tax,  amounted  to  about  20  dols. 
a  year,  to  cover  everything,  for  a  fair-sized  house.  The  men  thoroughly 
approve  of  no  licensed  house  being  in  the  town,  and  they  say  a  man 
can  do  his  work  better  without  beer.  The  men  are  drafted  into  the 
works,  in  the  first  place,  mostly  from  the  agricultural  districts,  and,  being 
naturally  sharp  and  fairly  well  educated, they  learn  their  trade  in  an  incred- 
ibly short  space  of  time.  Matching  and  doubling  in  the  mill,  they  say,  can 
be  learned  in  a  few  weeks.  A  heater  can  be  made  in  six  months,  and  it 
took  a  man  who  had  been  working  previously  on  a  locomotive  from 
October  to  the  following  June  to  pass  through  the  various  stages  before 
he  arrived  at  the  position  of  roller.  The  reason  they  gave  for  this 
rapid  progress  in  advances  through  the  different  stages,  and  the  prefer- 
ment of  such  men  to  higher  positions  in  the  mill,  was  that  there  is 
complete  freedom  in  the  works.  They  complained  beforehand  that 
when  they  were  under  the  Amalgamated  Society  of  Ironworkers,  they 
were  kept  down  sometimes  for  several  years  at  one  job,  and  not 
allowed  to  rise.  They  had  no  union  now,  neither  did  they  desire  to  join 
any  ;  the\'  wished  to  stand  on  their  own  merits.  Therefore  they  stated 
that  they  naturally  preferred  the  freedom  from  the  trade  unions  which 
they  now  enjoy.  Education  in  the  town  is  well  looked  after.  The 
scholars  can  stay  to  21  years  of  age,  if  desired,  but  they  generally  leave 
about  the  age  of  16.  They  have  what  is  called  a  casino  in  the  town, 
which  is  used  for  entertainments,  and  has  a  librar}''  and  reading 
rooms.  There  are  5,000  books  in  the  library  available  for  all  classes  of 
the  people.     The  diet  of  the  inhabitants  consists  of  meat,  grapes,  pears, 

f)eaches,  bananas,  etc.  They  have  plenty  of  good  wholesome  fruit.  The 
eisure  time  of  the  men  is  spent  in  reading,  exercising  their  horses,  coon 
hunting,  base  ball,  golf,  tennis,  shooting  rabbits  and  pheasants,  and  in 
exercising  their  dogs.  We  were  told  that  they  scarcely  ever  lose 
a  day's  work  from  the  heat,  although  it  has  been  known  to  be  over 
!00  degrees.  They  have  a  village  band  which  discourses  music  on  the 
green  whenever  there  is  any  holiday  or  special  celebration  taking 
place. 

A  New  Puddling:  System. 

An  entirely  new  departure  in  the  way  of  puddling  is  to  be  seen 
at  Pottstown,  near  Philadelphia.  It  is  known  as  the  Roe  gravity 
puddler,  the  invention  of  an  Englishman  who  went  from  this  country 
something  like  20  years  ago,  and  is  now  the  manager  of  the  Glasgow 
Iron  Company,  at  Pottstown,  Pennsylvania.  It  is  an  invention  which 
would  interest  all  makers  of  wrought  iron,  and  those  who  believe  in  it 
as  against  steel  for  special  purposes,  where  welding  is  required, 
where  the  action  of  oxidation  is  a  consideration,  and  also  where  severe 
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shocks   and    vibrations   have   to  be   reckoned    with.      The  process    in 
question  is  designed   to  produce  iron   of  any  desired  quality  at  a  cost 
corresponding   to   that   of  steel.      It  consists  essentially  in   causing  a 
charge  of  molten   iron   to  flow  backwards  and  forwards   in  a  bath  of 
oxide  of  iron  (melted  ore,  puddle  cinder,  or  shale)   while  exposed   to 
the  flame  of  the  furnace.     The  iron  and  oxide  are  thoroughly  mixed 
by  the  sudden  stoppage  of  the  motion  at  each  end  of  the  furnace,  while 
the  metal  is  exposed  to  the  action  of  the  flame  as  it   passes  from  one 
end  of  the  furnace  to  the  other.      By  the  combined  action   of  these 
two    influences    the   oxidation    of  the    metal    is   very    rapidly   accom- 
plished.    While  the  bath  is   maintained  at  a  high   heat,  the   backward 
and  forward  motion  is  continued  after  the  iron  has  come  to  maturity, 
and  by-  these  means  the  ball   or  mass    is    sufficiently  consolidated  to 
prepare  it  for  the  squeezer.      The  furnace  now  in   operation   consists 
of  a  rectangular  box,  about  20  ft.  long,  10  ft.  wide,  and  4  ft.  high,  inside 
measurements.     It  is  supported   on  two  trunnions  placed  opposite  to 
each   other,  at  the  middle  of  each  side  on  which  the  furnace  rocks, 
and  through  which  sec  of  trunnions  the  flame  passes  inside  the  furnace. 
The  bottom  and  lower  parts  of  the  sides  of  the  furnace  are  formed  of 
water  pipes,  while  the  roof  and  upper  parts  of  the  sides  are  made  of 
fire-bricks.    On  the  bottom  and  sides  is  formed  a  lining  of  oxide  of  iron, 
which  protects  all  the  parts  of  the  furnace  that  are  exposed  to  the  wash 
of  the  bath.    The  water  pipes  cause  a  certain  amount  of  the  oxide  of  the 
bath  to  chill  upon  them,  thus  replacing  that  which  has  been  removed  by 
heat,  erosion,  or  chemical  action.     This  method  of  forming  the   lining 
eliminates  the  cost  and  delay  of  making  the  bottom  by  using  scrap  and 
fettling    in    the  ordinary  puddling  furnace,  by    introducing  conditions 
analagous  to  those  made  use  of  in   maintaining  the  bosh  lining  of  blast 
furnaces  in   modern   practice.     The  fuel  used  in  the  present  machine  is 
crude  petroleum,  although  gas  or  coal   are  equally  api)licable.     A  jet 
of  atomised  oil  and  air  is  blown   through  each  trunnion,  and  the  flames 
meet  and  mingle  in  the  middle  of  the  furnace,  pass  to  both  ends,  and 
find  their  way  out  through  the  stacks,  of  which  there  are  two  at  each 
end.     By  the  method  of  introduction  and  withdrawal  there  is  produced 
a   very     intense    and     perfect    combustion,    together    with     an    equal 
distribution    of  flame.     One   end   of  the  furnace  is  closed   by   a  door 
hinged  at  the  top,  which  is  ojjeratcd  by  hydraulic  pressure,  and  which 
is  securely  brought  up  tight  and  locked  by  means  of  wedges  worked 
by  the  same  means.     The  machine  is  rocked  by  the  medium  of  pinions 
working  in  circular  racks,  and  driven  by  a  steam   engine.     The  method 
of  operation   is  as  follows : — The  furnace,  having  been  brought  up  to 
heat  and  properly  lined,  is  tilted,  and  a  charge  of  molten  cinder  brought 
from  a  small  auxiliary  furnace  is  poured  into  it  through  the   opening 
in    the   side   of  the    furnace   designed   for  the  purj)ose.      The  furnace 
is  then  rocked  two  or  three  times,  to  seal  the  joints  of  the  door,  and 
to  allow  the  bottom  and  sides  to  take  up  what  they  need.     The  molten 
iron  is  then  changed   in  the  same  wav  as  the  cinder,  and  the  furnace  is 
set  to  work,  rocking  at   the  rate  of  six   oscillations  per  minute.     The 
bath   begins  at  once   to  boil  violently,  and  in  a   few   minutes  scale   is 
added  in  quantities  determined  by  the  operator.     The  iron  soon  comes 
to    nature    and    collects    together,  but   the   oscillations   are    continued 
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until  all  the  iron  is  made,  and  one  ball  is  properly  consolidated  within 
the  furnace.  The  machine  is  then  brought  to  rest  at  the  desired  angle, 
the  door  is  opened,  and  the  ball  shoots  out  into  the  squeezer,  which 
has  been  brought  into  position  to  receive  it.  Immediately  after  the 
ball  is  out  the  door  is  closed,  the  machine  i<  tilted  back  to  receive  a 
fresh  charge  of  cinder,  and  then  is  ready  to  begin  a  new  heat.  The 
present  machine  was  calculated  to  receive  charges  of  about  3,000  lbs., 
and  no  larger  ones  have  as  yet  been  made.  The  iron  is  at  present 
melted  in  a  cupola,  but  when  three  additional  pu' idlers,  which  are  to 
complete  the  plant  as  at  present  designed,  are  finished,  it  is  proiKDsed 
to  bring  the  molten  iron  direct  from  the  blast  furnace  to  a  storage 
reservoir,  from  which  it  will  be  drawn  as  rccjuircd.  The  squeezer 
consists  of  a  main  frame  supported  on  wheels  that  can  be  brought  in 
front  of  each  puddling  furnace  to  a  single  discharge  point.  The 
squeezing  is  effected  by  means  of  hydraulic  rams,  moving  in 
two  horizontal  and  in  a  downward  vertical  direction.  The  rams 
have  sectional  facing  pieces,  with  openiiigs  to  allow  the  pas- 
sage of  the  cinder.  I'he  bloom  as  it  comes  from  the  squeezer 
measures  54  by  24  by  12  in.,  and  when  the  ()i)eration  is  finished 
it  is  very  solid  and  free  from  cinder.  The  bloom  is  then  taken  on 
a  small  bogie  and  cogged  down  into  billets  or  slabs,  which  are  taken  to 
the  finishing  mills  to  be  rolled  into  the  desired  products,  thus  avoiding 
all  piling.  It  is  hoped  that  with  greater  experience  and  expertness  the 
wash  heat  between  the  squeezer  and  the  cogging  mill  may  be  dispensed 
with.  The  usual  time  in  making  a  heat  of  3,600  lbs.  has  been  from 
30  to  56  minutes,  depending  upon  the  kind  of  iron  operated  upon  ; 
but  it  is  believed  that  with  more  experience  in  handling  the  oil.  the  maxi- 
mum time  required  for  puddling  any  kind  of  iron  in  the  furnace  will  not 
exceed  half  an  hour.  The  result  so  far  obtained  points  to  a  materially 
better  (luality  of  finished  prc)duct,  both  chemically  and  physically, 
from  a  given  kind  of  iron,  than  it  is  possible  to  obtain  by  means  of  the 
old  methods.  This  is  an  expensive  experiment.  The  cost  of  the 
furnace  and  of  the  press  alone  would  probabK'  be  40,000  dols.,  or 
about  /^ 1 0,000.  Some  idea  ma\'  be  obtained  of  the  size  and  strength 
of  the  hydraulic  press  from  the  fact  that  there  is  exerted  upon  the 
ball,  when  in  the  process  of  scjueczing,  a  pressure  ecjual  to  1,500  tons. 
If  this  {:)rocess  comes  out  the  success  it  deserves  to  be  (and  there  is 
no  doubt  that  Mr.  Roe  has  spent  an  immense  amount  of  time,  labour, 
and  abiiitx'  uj^on  the  construction  and  carrying  out  of  the  idea),  it 
will  be  a  complete  re\T)lution  in  the  puddling  j^rocess,  doing  away  \\  ith 
a  great  many  of  the  expenses  connected  with  the  puddling  furnace, 
and  dispensing  with  all  the  arduous  labour  which  is  now  expended 
upon  that  o[)eration.  In  that  case,  it  will  be  a  ver\'  formidable  com- 
petitor to  the  steel  products  of  the  trade. 

Education. 

In  estimating  the  causes  which  go  to  make  the  position  of  the 
American  nation  what  it  is,  the  question  of  education  forms  a  most 
important  feature.  This  is  certainl)'  one  of  the  great  factors  to  take 
into  consideration  in  accounting  for  their  wonderful  progress  during 
the  last  (juarter  of  a  century. 
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uloptcd   what   is   known 

!»\-    which    clcmcntarv 

:'iu-   ( liild    of  the  poorest 

1   jnil)lic  tax  levied  for  this 

.l\aiiia.  one  of  the  greatest 

iiiud    States,  there   has  been 

l  it^   Le<;islature  for  a  number 

.  I'l  be  expended  annually  up«)n 

:inn  the  limits  of  the  State,  and  in 

■  in  ihe  State  is  retjuired  to  provide 

:    e(iual  to  half  the   amount   apj)ro- 

•   il    for   the   support  of  schools  within 

hire  'the  |)oor   mountain  districts  alone 
i>    locally   raised   for  the   purpose  of  the 
,t^  Minion   schools   is  ^re.itly  in   excess  of  the 

1^*  '.i    school    district   frt)m   the   Treasury  of  the 

^^  >    In    more    particularly   so   in   the   i;reat   cities. 

Jt  : union   or   primar\'   schools   is   not   carried   very 

Ptij.  '  \ery  case  a  knowledj^e  on  the  part  <»f  the  pupil 

^||.  ;i'»i»l    of  the   simple   arts   of    readini^,   writing;,   and 

.iii\  of  these  primar\'  schools  the  work  is  continued 
-'ime  of  the  larger  States  the  elementary  education 
-•(Imols  includes,  in  addition  to  these  t'undamentals, 
"I  .alL;ebra,  elementary  physics,  i^eoi^raphy,  the  art  of 
iaIiil;.  elements  of  mechanical  drawing,  and  various  other 
,11.  cordinir  to  the  wishes  of  those  who  are  in  control. 
'  |)rimar\'  schools  are  intended  to  pre|)are  the  wa\*  for  admission 
::^h  schools,  which  constitute  what  is  known  as  the  secondary 
>ystem  of  most  of  the  i^reat  Commonwealths.  The  hij^di  schools 
a  hi^lier  training,  the  course  covered  by  their  curriculum 
\  !:din'4  <>^'^r  f^>^ir  yc^irs,  and,  as  a  rule,  pupils  who  j^o  to  the  hijjjli 
J.  Ii'nl  Ljraduate  at  about  the  ;v^c  of  iS.  .Attendance  upon  the  hi^h 
»^chool  is  not  compulsory,  but  recentl) ,  throughout  the  American 
C  ommonwealths,  there  has  ^nown  up  a  demand,  which  is  increasing 
every  day,  that  ever\*  central  population  shall  have  these  hijjjh  school 
facilities.  Thcv  are  free  in  the  Commonwealth  of  Pennsvlvania.  and  are 
maintained  in  all  the  larj^e  cities  and  towns. 

The  Legislature  have  recently  made  appropriations  by  which  high 
.schools  are  to  be  established  in  all  communities  where  there  is  a  local 
population  of  1,500  or  more.  In  the.-^c  high  schools  the  curriculum 
covers  mathematics,  algebra,  plane  and  soliil  geometrv,  elementary 
trigonometry,  grammar,  elementary  Latin,  and  one  or  the  other  of  two 
modern  languages  French  or  <ierman  ,  together  with  elementary 
physics,  elementary  zoology,  chemistry,  mechanical  tirawing,  etc.  In 
the  larger  cities  some  of  the^e  hiirh  schools  have  advanced  to  a  verv 
high  point,  insomuch  that  thev  have  infringed  upon  the  sphere  of 
activitx'  of  the  colleges.  The  central  hiirh  .school  in  the  Cit\'  of 
Philadelphia,  for  in-^tance.  carries  its  pupils  thiH)Ugh  a  ct)urse  of  study 
which,  when  it  has  been  coinjileted,  is  the  etpiivalent  of  collegiate 
training,    carried     as    far    as    the    end    of    Sophomore    year  of    such 
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institutions  as  Yale,  Princetown,  or  the  University  of  Pennsylvania. 
When  the  pupils  have  passed  through  these  elementary  schools,  there 
are  in  the  United  States  some  450  so-called  colleges  and  universities 
of  varying  degrees,  with  entrance  requirements  as  conditions  have  made 
them,  to  which  those  students  who  have  completed  a  course  in  the 
high  school  may  have  access.  In  some  of  these  institutions  education 
is  practically  a  gratuity — in  the  Commonwealth  of  Michigan,  for 
instance,  where  the  only  tuition  fee  that  is  charged  in  all  its  various 
aflfiliatcd  schools  is  ^5  sterling  per  annum.  The  son  of  the  iK)orcst 
man  as  well  as  the  richest  in  this  Commonwealth  is  entitled  to  take 
a  course  there  on  the  payment  of  this  nominal  fee.  The  same  is  true 
of  the  University  of  Wisconsin,  and  of  a  number  of  the  other  great 
western  Commonwealths  which  wisely  applied  to  educational  purposes 
large  land  grants  made  by  the  Central  Government  to  them  in  early 
days  ;  and,  as  the  land  enhanced  in  value,  the  moneys  derived  from 
these  sources  were  turned  over  to  the  universities.  The  result  of  this 
arrangement  was,  at  the  very  outset,  a  handsome  foundation.  This 
has  been  in  later  years  supplemented  by  taxation,  to  which  the  people 
have  willingly  submitted.  In  addition  to  this,  there  arc  frequent 
mechanical  exhibitions  throughout  the  countr\'  which  have  a  great 
educational  tendency.  Public  libraries  have  grown  up  in  great  numbers 
in  every  part  of  the  country.  Through  the  efforts  of  men  like  Mr.  Carnegie 
the  mechanics  of  America  make  great  use  of  these  facilities  for  acquiring 
knowledge. 

In  reference  to  technical  education,  a  great  deal  has  been  done  in  the 
United  States  to  promote  it.  Under  a  provision  of  the  Act  of  Congress, 
which  is  now  called  the  Morrell  Act,  and  was  passed  in  1862.  certain  iK>r- 
tions  of  the  national  domain  were  turned  over  to  the  various  Cc^ninion- 
wealths,  the  size  of  the  grant  being  at  the  time  proportionate  tt)  the  then 
existing  population  of  the  Commonwealth,  to  be  applied  for  the  purpose 
of  promoting  scientific  education,  particularly  with  a  view  to  fostering 
agricultural  and  mechanical  arts.  In  consequence  of  this,  there  has  been 
established  in  ever\'  American  Commonwealth  a  scries  of  colic "[cs,  which 
are  commonly  spoken  of  as  the  Land  (irant  Cc)IIeges.  in  many  of  thcni 
there  is  a  large  prepanitor\'  equipment  and  workshops.  The  whole 
tendency  of  education  in  these  schools  has  been  intensely  j^rtictical.  In 
all  of  them  has  been  introduced  the  laborator\' method  of  instruction. 
Vox  instance,  in  the  Western  University  of  Pennsylvania,  where  there  are 
men  who  take  a  course  of  mechanical,  civil,  electrical  or  mining 
engineering,  they  are  retjuircd  to  daih'  perform  a  certain  mnnber  of 
hours'  work  in  the  shops,  learning  the  art  of  pattern  making,  of  casting, 
of  chipping  and  filing,  planing  and  sawing  in  metal,  and  ot"  tool  making, 
passing  on  to  the  construction  of  models  to  scale  of  proposed  structures, 
such  as  railway  bridges,  blast  furnaces,  and  all  kinds  of  machinery. 
This  provides  for  not  onl\'  a  theoretical  training,  but  a  good  practical 
one  as  well. 

In  the  Massachusetts  Institute  of  Technology  at  Boston  there 
are  1,100  students,  whose  average  aije  at  entrance  is  iS.l  \'ears. 
It  is  certain  that  there  are  not  in  all  the  technical  .schools  of  thi.s  country 
«is  many  day  scholars  over  18  years  of  age  as  can  be  found  in  this  one 
technical    school   in   America.     Take,  for  example,  the    leaching    .staff 
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in  the  Knginecrin<ir  Department  alone  of  the  City  and  Guilds  of  London 
Technical  Collc'^e,  where  there  are  three  professors,  one  assistant  pro- 
fessor, and  18  lecturers,  or  a  total  teachini^  staff  of  22.  In  the  Boston 
Technical  School  there  are  14  professors,  12  assistant  professors,  and  43 
lecturers,  or  a  total  of  69  teachers.  The  number  of  students  to  each 
professor  in  Boston  is  21  ;  in  London  it  is  58. 

In  the  primary  schools  in  America  there  is  no  reli«=;ious  difficulty. 
No  minister  or  clergyman  comes  in  to  give  Scripture  lessons.  At  the 
commencement  c)f  the  school  the  Bible  is  read,  and  occasional  explana- 
tions are  given  by  the  teacher.  One  particular  feature  of  the  elementary 
schools  is  the  encouragement  of  thrift  among  the  young  people.  When 
a  child  has  saved  a  dollar,  it  is  entitled  to  have  a  bank  book,  and  may 
dci)osit  its  small  savings  weekly  in  the  bank.  Some  of  them  have  as 
much  as  70  dols.  to  their  credit  in  this  way. 

It  will  be  seen,  then,  from  this  review  of  the  conditions  which  pre- 
vail in  America,  that  in  some  respects  they  have  greater  facilities 
and  advantages  than  we  have,  among  which  are  the  advantage  of 
improved  machinery  and  methods  of  working;  labour-saving  appliances, 
which  are  developed  to  an  extraordinary  extent  ;  greater  facilities  for 
the  conveyance  of  traffic,  both  by  land  and  water  ;  improvements  in 
engines  and  trucks  ;  the  development  of  water-ways  ;  lower  railway 
rales,  and  greater  elasticity  in  their  application  to  suit  the  exigencies  of 
the  trade  ;  greater  freedom  of  contract  between  masters  and  men  ;  an 
educational  system  which  is  much  more  complete  and  thorough  than 
our  own  ;  added  to  all  of  which  there  is  an  amount  of  native  energy 
and  a  determination  to  get  on  and  to  make  the  best  of  their  oppor- 
tunities, which  is  apparent  in  all  classes ;  combined  with  a  system 
(which  is  increasing  in  Americaj  by  which  men  are  paid  by  results. 
Tiiese  are  some  of  the  causes  which  place  America  far  ahead  of  the 
other  steel-producing  centres  of  the  world,  and  conveying  lessons  to  us  in 
this  country  which  I  earnestly  hope  that  neither  our  employers  nor 
workmen  will  be  slow  to  take  advantage  of,  and  which  must  be  embraced 
if  we  are  to  maintain  that  position  among  the  chief  mercantile  nations 
of  the  world  that  we  have  so  long  enjoyed. 
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Administration  and  organisation  74 
Advantages   of  the  United   States,   565, 

Agreement  as  to  inventions  and  dis- 
coveries, 355  ;  a  typical  labour,  68 

Akroydon,  267 

Algoma  Steel  Company,  Canada,  335 

Allegheny  City,  329 

Alsace,  iron  ore  resources  of,  325 

American  associations  of  employers,  292  ; 
coalfields,  13;  competition,  338;  Iron 
and  Steel  Association,  292;  labour, 
316;  patents,  84;  prices,  7;  profits 
in  iron  and  steel  making,  298 ;  pro- 
ducts of  iron  and  steel  works  in 
foreign  markets,  276  ;  taxation,  264 ; 
transportation— see  Transport \  work- 
men, aspects  of,  60,  316,  318 — See 
also  [United  Stafcs^  Coa/,  Iron  Orcs^ 
Pi  1^- Iron,  Sfceiy  Foutuiry  Products^ 
etc. 

Analyses  of  coal,  27  ;  of  Connellsvilleand 
Alabama  coke,  18,  429  ;  of  iron  ores, 
403  ;  of  various  Lake  Superior  ores, 
403  ;  Cornwall  ores,  404  ;  Alabama 
ores,  405  ;  anthracite  coal,  429 

Apprentice  system,  67,  351  ;  indenture  of 
Baldwin  Locomotive  Works,  348 ; 
at  works  of  W.  Sellers  &  Co.,  353 

Apprentice's  application,  form  of,  at 
Baldwin  Locomotive  Works,  352 

Arbitration  and  conciliation  in  labour 
disputes,  72 

\\. 

Baldwin    Locomotive    Works,    213;    Lp 

prenticeship  indenture,  348 
Banking  business  of  United  States,  262 
Bar  iron,  manufacture  of,  566 
Basic  process  in  (Germany,  309 
Basic  steel  industry,  197 
process     at     Homestead,    197    ;  at 

Duquesne,    200;    at     Ensley,    201; 

general  remarks,  203 
Bell,  Sir  L.,  on  Pittsburg,  6  ;  on  exports 

from  United  States,  277 
Belle  Island  ores,  Newfoundland,  334 
Bessemer  process  -see  Steel  Work^i 
steel    capacity    of    United    States, 

303 
Bethlehem  Steel  Works,  176 

Bills  of  lading,  326 


Billets,  cost  of  producing,  122 
Blast  furnace  fuel  and  fiux,  428 ;  location 
of  plants,  434 ;  practice,  483  ;  wages, 

505 

furnace  plants,  486. — Alice  furnace, 

Sharpesville,  486 ;  Carrie  plant  of 
Carnegie  Steel  Company,  488 ; 
Pioneer  furnaces,  Alabama,  490; 
Wharton  furnace.  Port  Oram,  491 ; 
North  Lebanon  furnace,  492  ;  Lacka- 
wanna Steel  Company's  plant,  495 

furnaces  of  United  States,  geogra- 
phical distribution  of,  436  ;  construc- 
tion of,  438 ;  average  wages  paid, 
318. 

Blooming  mill,  reversing,  151 

Blowing  engines  at  blast  furnaces,  448  ; 

Boilers  at  blast  furnaces,  443  :  Cahall, 
444  ;  Wheeler  vertical  water-tube, 
446;  Babcock  &  Wilcox,  446; 
Stirling,  446 

Bonus  labour  system  at  Bethlehem  Works, 
176 

Boom  of  1 898- 1900,  duration  of,  327 

Bounties  on  iron  production  in  Canada, 
302 

Bridge  work  and  structural  steel,  146; 
statistics  of,   146,  153 

British  element  in  Americjin  industry,  82 

trade  and  foreign  competition,  338 

and  American  steel  output,  com- 
parison of,  321 

industrial  conditions,  322 

Hritjuetting  plants  for  iron  ore,  480 

Brown  fast  plant,  416 


C. 

Camden  Iron  Works  and  American 
foundry  practice,  241 

Canadian  iron  industry,  331 ;  recent 
growth,  332  ;  outlook  for  the,  336 

Canal  transport,  conditions  of,  in 

Capacity  of  plants  in  relation  to  out- 
put, 313 ;  of  American  iron  and  steel 
works,  303,  306 

Capital  expenditure  on  American  works, 

.3*9 
Capitalisation    of    United     States    iron 

works,  305 
Carnegie,  Andrew,  influence  of,  77 ;  effect 

of    tariff    on,    290 ;    on    American 

wages,  316 
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Carrie  plant  of  Carnegie  Steel  Company, 

469 
Cars,  pressed  steel,  421  ;  ore,  gondola, 

424  ;  coke,  429 
Cash  reserves  of  United  States,  263 
Casting  pig-iron,  481  ;  machines,  482 
Castings,    steel,    output    of    in    United 

States,  312 
Causes  of  low  American  freight  rates,  92 
Census  of  United  States,  report  of  the, 

316 
Certificate  of  Midvale  Beneficial  Associa- 
tion, 372 
Charging  materials  at  blast  furnaces,  464 
Circulation  of  United  St«ites,  263 
Cleveland  district,  conditions  of,  323 
Clumsiness,  at  war  with,  83 
Coal  and  coke  in  United  States,  17  ;  in 
Connellsville  field,  18;  19;  in  South- 
em  States,  26  ;   values  of,  at  ovens, 

27 
tipple,  the  Brown,  433 

railway  rates,  97,  362,  363,  364 

fields,  American,  13  ;  and  seaports 

of  United  States,  340— See  Analyses^ 
Transport^  etc. 

Coke  supplies  of  Connellsville  region,  17; 
of  United  States  Steel  Corporation, 
22  ;  of  Southern  States,  26;  from 
bv- product  ovens,  27  ;  statistics  of, 
28 

Comparison  of  American  iron-making 
resources  in  1898  and  1901,  312 

Composition  and  sections  of  rails,  133 

Conciliation  and  arbitration  in  labour 
disputes,  72 

Connellsville  coke  supplies,  17,  428  ;  coke 
car,  429 

Consolidations  and  trusts,  183 

Continental  conditions,  324 

Contract  system  of  labour,  58 

Corporation,  United  States  Steel,  1S4; 
com])etitive  enterprise,  191  See  also 
Cotil^  Iron  i)f'i\  etc. 

Cost  of  producing  iron  a*^d  btecl  in 
United  States,  1 13,  278  ;  ol  produc  ing 
pig-iron,  113,  299:  costs  from  1880 
t(^  i8c/3,  114;  comparison  of  Pitts- 
burg and  West  Cumbt-rland,  115; 
current  Pittsburg  costs,  117  ;  in 
Southern  States,  118:  general  Ameri- 
can and  British  conditions,  119; 
of  producing  steel,  121 

Costs,  lowest  transportation  on  record, 
92  ;  of  water  transport,  108 

Cranes,  revolving  cantilever,  467 

Crescent  Steel  Works,  170 

(■rucible  steel  industrv  of  United  States, 
169:  a  hisiorii  al  retrospect,  169: 
Crescent  Steel  Works,  170;  Mid- 
vale  Steel  Works,  170;  general 
situation  of  rrucible  steel  works, 
173;    crucible  plants  conti  oiled    by 


Crucible  Steel   Company,    174:    in- 
dependent crucible  plants,  174 
Crucible  steel  capacity  ot  United  Slates, 

303 
Currency,  261 

D. 

Demand  for   iron,  great   increase  of   in 

United  States,  315 
Departments  in  offices  and  works,  78 
Depression,   liability   to,   in    iron    trade, 

302 
Direction,  management,  and  labour,  497 
Docks,  ore,  of  Lake  Superior,  412 
Dominion     Iron    and     Steel    Company. 

Canada,  331,  332 
Drawbacks  and  rebates,  291 
Duquesne    furnaces,    number   of    hands 

employed   at,   317;   merchant   mills 

at,  56^) 

E. 

Earnings — see  Waives 

Economy  of  pressed  steel  car^,  104 

Edgar-Thomson  rail  mills,  128 

Edison,  T.  A.,  on  magnetic  preparation 
of  iron  ores,  407 

Education,  580 

Efficiency,  demand  for,  76 

Electric  larry,  474 

Elements  of  the  present  inquiry,  4 

Ely,  Theo.  N.,  on  American  railways,  87 

Employers,  Associations  of,  in  United 
States,  292 

Engineering,  American,  >onu:  feature^  of, 
204;  classification  of,  204;  some 
leading  types  of  engines,  205  ;  loco- 
motive engines  and  electrical  plant, 
210  ;  general  machinery  and  machine 
tools,  220 ;  tools  lor  special  uses, 
223  ;  wages  in  enginetring  shops, 
225  ;  heavy  machnie  tools,  227  : 
pneumatic  tools,  229;  insention  of 
improved  tools,  229 ;  compres>ed 
air,  230  :  etTect  of  cheaper  and  better 
steel,  230  :  a  slor)*  with  a  moral,  230; 
some  differences  of  importance,  231  ; 
arrangement  and  characteristKS  of 
American  machine  shop>,  231  ;  works 
and  operations  of  .Mackintosh.  Hemp- 
hill ti  Co.,  232  ;  Mesta  Machine 
Company's  Works,  232 

Engines,  blowing,  448  ;  gas,  459 

Ensley  Wire  Works,  Alabama,  167  :  >tecl 
works,  201 

Equipment,  railroad,  421 

Essen,  270 

Excess  of  capacity  over  output  of  I'nitcd 
Slates  plants,  314 

E.xpendiiure  on  new  plants,  304 

Expert  ability,  appreciation  of,  76 

Export  rates  for  blooms  and  billets,  278 
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Exports  of  iron  and  niachiner>'  from 
United  Slates  and  United  Kingdom, 
279 

F. 

Facilities,  relative  railway,  <X' 
Failure  of  banks  in  United  States,  261 
Federal   expenditure    of  United   States, 

265 
Fluctuations  in  prices  and  profits,  299 
F'oreclosures   and    receiverships   of  rail- 

roadi»,  105 
Foreign  markets,  cultivation  of,  276,  279 

trade,  attitude  «idopted  by  United 

States,  325,  32h 
Foremen  in  L'nited  Slates,  9 
Forging  press  at  Bethlehem,  181 
Forgings  and  war  material,  manufacture 
of'  175  J  general  remarks,  175  ;  tools 
employed,    175  :     Taylor-White  pro- 
cess, 176 
Foundries,   iron  and   steel,  and  foundry 
operations,    235  ;    extent  of  foundry 
interest  and  pig  supplies,  235  ;  speci- 
fications for  American  foundrv  iron, 
236:    analysis  versus  fracture,  238; 
American  foundry  costs,   238  ;  foun- 
drymen's  associations,    239 ;    manu- 
facture of  steel  castings,  239  ;  distri- 
bution   of    in     United    States,    16; 
labour  form  for,  3ifo 
Free  trade  movement  in    United  States, 

2.S6 
Freights,  Spanish  and  Lake  Superior  ore, 

7  ;  American  lake,  107  ;  ocean,  112 
Furnace   plants,   location   of  in     l'nited 
States,  434 

(ieneral  report,  i 

Geography  of  iron,  400 

(lermany,  iron    resources  of,  309  ;  steel 

manufacturing  plants  of,  309 
Gogebic  ores,  analyses  of,  403 

H. 

Handling  of  iron  ores,  409 ;  products  of 

blast  furnace,  476 
Hands  employed,  output  of  iron  and  steel 

in  relation  to,  328 
Heaters  at  blast  furnace  plants,  448 
Heterogeneous  population,  effect  of,  63 
Hewett,  Hon.  Abram  S.,  on  free  trade, 

286  :  on  concealment  of  profits,  301 
Hoists,  blast  furnace,  471 
Holidays,  number  of,  78 
Hours  of  work,  10 
Howe,  i'rof.,  on  rail  records,  133 
Hulett    autonicitic    unloading     machine, 

418;  car  dumper,  4^6;  bridge  ccm- 

veyor,  468 
Hustling  in  American  industry.  82 
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Importsand  exports,  reciprocal,  of  United 
States  and  United  Kingdom,  288 

Impro\ements  *ind  inventions  of  work- 
men, 80 

Indenture,  apprenticeship,  of  Baldwin 
Locomotive  Works,  348  ;  at  works 
of  W.  Sellers  &  Co.,  353 

Industrial  Commission  on  tariff,  288 

Inspection  of  rails,  130 

Institutions  for  the  promoti(m  of  trade, 
281 

Intelligence  in  industry,  83 

Inter-State  Commerce  Commission,  87 

Inventions  and  discoveries,  agreements 
as  to,  355 

Iron     see  /fon  On\  Pt^-/f'on,fi\c. 

—      and  steel,  railway  rates  for  transport 

of,  365,  3^A  y^7,  '3^,  3^x; 
making  districts,  railway  rates  and 

facilities  of,  90 
and  steel  exports  of  United   States 

and  United  Kingdom,  279 
works    in    United    States,    number 

and  increase  of,  313 

J- 

James,   Enoch,   report   by,  on   the  steel 

works   plant  and   equipment  of  the 

United  States,  510 
Jeans,  J.  Stephen,  general  report  by,  i; 

letter  to    President  of    British    Iron 

Trade  Association,  338 
Jefferson  Furnace  Company,  remarkable 

profits  of,  300 
Jones  tS  Laughhns,  mills  of,  568 


Kirchhoff,  Charles,  on  the  costs  of  pro- 
ducing pigiron,  116:  on  co^ts  of 
producing  steel,  121 

L. 

Labour  conditions,  8  ;  rates  of  wages,  54  ; 
Mr.  C.  M.  Schwab  on,  62  ;  form  for 
foundries,  380;  at  blast  furnaces, 
501  ;  strenuousness  of,  1 1  ;  agree- 
ment, a  typical,  68  ;  in  United  States, 
su'bstitution  of  unskilled  for  skilled, 
317  ;  cost  of,  per  ton  of  steel  ingots, 
3 1 8- -See   ll^a^es 

Lal^e  steamers,  412,  416 
—  transport,  conditions  of,  105  ;  traffic, 
loT):  freight  rates.  107  ;   ore  docks, 
412 

Letter  from  .Secretary  to  President  of  the 
ii.l.r.A.,  338 

Local  and  municipal  conditions,  329 

Location  f)f  furnace  plants  in  United 
States,  434 
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Lock-outs  and  strikes,  69 
Locomotive  tire  prices,  375 
Locomotives,     heavy     American,     101  ; 
development  of,  102  ;   standard,  425 
Lowest  transportation  costs  on  record,  92 
Lukens  steel  works,  135 
Lunch,  the  daily,  76 
Luxembourij,    industrial     conditions    of, 

324 

M. 

Magnetic  separation  of  ores,  406 
Management   and   labour    at   American 

works,  497 
Managers  of  American  works,  500 
Manganese  and   iron   ores,   supply  and 

production  of,  402 
Manganifcrous  ores,  408 
Markets,  future,  506 

foreign,  cultivation  of,  278 

Marquette  ores,  analyses  of,  403 
Massachusetts  Institute  of  Technology, 

582 
McKinley,  President,  on  reciprocity,  285 
Measure  of  value,  the,  193 
Men,  how  they  are  handled,  75 
Menominee  ores,  analyses  of,  403 
Merchant  mills,  566 
Mesaba  ores,  analyses  of,  403 
Meurthe-et- Moselle,  industrial  conditions 

of,   324 
Midvale  steel  works,  170  ;  piecework  form 

at,  359 :  beneticial  association  of  the, 

}(o  ;  rules  of,  370 ;  general  rules,  373 
Mineral  production  of  various  countries, 

15     See  /;vv/  ()n\  Cottl^  etc, 
-  rolling  stock,  103 
Mines  and  works,  direction  of,  Si 
Minette  ores  of  I.oraine,  Luxembourg,  and 

Meurthe-ei-Moselle,  325 
Morrell  Act  of  Conj^ress,  582 
Morrison-Kennedy    system    of    treating 

rails,  128 

N. 

Xati0n.1l  Tube  Company's  \Vorkj>,  i  54 

—  Founders'  Association,  296 
Association  of  Manufacturers,  281 

—  Metal  Trades  Association,  292 
Natural  gas  supplies  of  the  I'nited  Slates, 

51  :  extent  of  operations  in  I'itlsburg 
district,  51  :  old  and  new  tields,  52  : 
economy  of,  53;  cost  of  for  steel 
manufacturing,  53 ;  use  of  in  blast 
furnace,  53 

Nepotism  and  merit,  77 

New  England  manufacturers  on  the 
Tarift",  2S7 

—  plants,  expenditure  on,  304 

(). 

Ocean  transport,  112;  freights,  112 
Offices,  concentration  of,  78 


Open-hearth  process  -sceS/n/  Wot  Is 
Open-hearth  steel  aipacity  of  Tnited 
States,  303 ;  furnaces  of  diA'erent 
capacities,  309 
Ore  freights,  Spanish  and  Lake  Superior, 
7  ;  handling  of,  409 ;  in  Lake  Su- 
perior ranges,  30;  character  and 
extent  of,  34 ;  methods  of  mining, 
37,  38  ;  extent  of  supplies,  44  - 
See  Iron 

production  of  the  World,  12 

prices,  38,  299  :  at   Pittsburg,  42   ; 

Mesaba,  proportion  of  total  of  Tnited 
Sttites,  299  ;  iron,  advantage  of  con- 
trolling supplies,  300 

resources  of  United  Slates,  30  ;  of 

the  Southern  States,  46  ;  supplies  of 
United  States  Steel  Corporation,  32  ; 
steam  shovel  system  of  mining,  41 
Organi  Silt  ion  and  administration,  74 
Outlook,  foreign  trade,  in   1901,  325 
Output   in  relation  to  hands   employed, 
328  ;  per  employe,  328 

\\ 

Panics,  261 

Parkes,  Ebenezer,  on  bar  and  sheet  in- 
dustries in  the  United  States,  ^65 

Patents,  American,  84 

[Pennsylvania  Railroad  Company  pension 
fund,  342 

Pension  and  relief  funds,  65  :  fund  of 
Pennsylvania  Railroad  Company,  342 

Philadelphia  Commercial  Museum,  2ili 

Pictou  County,  Nova  Scotia,  ^}2 

Piece  work,  55  ;  rates  at  Midv.ile,  379 

Pig-iron  conditicms  in  United  States,  6: 
costs  of  producing-  see  ( '"s/^ 

Pioneer  furnac  es,  Ala.,  474 

Pittsburg,  Bessemer,  and  Lake  Krie 
Railway,  92 

—      testing  laboratory,    system  of,    150; 
furnace  plants  at,  435 
iron,    cost     of    in     (ireai     Britain, 
278 

Plants,  increase  in  size  of,  328 

Plates,  steel,  the  manufacture  of,  134  ; 
plate  mills,  141  ;  Lukens  Works, 
'35;  Worth  Brothers'  Works,  139; 
limits  of  universal  and  bar  mills, 
139   ;    statistics   of,    135     See    S/^r/ 

Population  and  pig-iron,  (y  ;    extent    and 

j^rowth  of,  65 
Port  Sunlight,  268 
Potter,  E.  C.,  on  rail  records,  133 
Preference  for  young  men,  79 
IVessed  Steel  Car  Company,  operations 

of,   103,  318 
Prices,  effect    of  tariff  on,    289:  of  iron 

ores,  fluctuations  in,  299:  outlook  of, 

193     See    also  fron   Ores,  Pit^-Irom^ 

.^/er/,  Ttn/^/ttieSy  etc. 


5«9 


/A.',.- 


Th. 
IP. 


i:'j^ .. . 


.'tm^ 


••4r. 


^*^'^ 


.     IJ4: 

■  !-Keii- 
.   mills, 


Am,  86; 
^uiU's  and 
SiLr    I'mns- 

:  nil.  CjO 

■  ii\\;il>   on.  87  ; 

■I.  .^r  ;  on  Penn- 

1  ..I'.lrrn  systems, 

•  »ki\  <>7  :  for  iron 

American  ports,  9(;: 

>m1.  iron,  and  steel, 


:ii>]n>rt,   108  ;  on  (ircal 
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■ii^pn't,   1 10  ;    for  canal 

■  t  :   for  ocean  transport, 

I. L whacks,  291 
tnd  foreclosures,  105 
ir>\enic*nt,  285 
'  n-.ion  funds,  65 
.iijii  and   Steel   Company,  fur- 
"t",  300 
^port,  1 10 
'lliny^  process,  577 
111 :11s --  st^Steei\Vorks^  S/teefs^  etc. 
'  !;.  I 'resident,  views  on  reciprocity, 

'if    the    National    Metal    Trades 
ociation,  292     See    also  A/>/>cn- 
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•■  .liti**^,  mineral,  48;  paid  at  various 
mines  in  Lake  Superior  region,  49; 
sliding  scale  royallieb,  49;  original 
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.1*1,  report  by,  on  i)roduction  of 

I  oil,  399 

■   -"7  ' 

■  t  operations,  10 

■  us  and  coaltields  (»f  I'nited  States, 

.U'> 

:h>n-»  and  composition  of  rails,  133 
.Ills.  \\*.  «S:  Co.,  apprentiri-'s  indenture, 
333  ;  wa^es  at,  361 

Mi,in»n  Wire  Works,  16S 

^iurci  rolling  niilK,  5^g 

Sheets,  extension  of  works  for  produi  ing, 
30^) 

Shop  orders,  forms  for,  at  works  of  W, 
Sellers  &  Company,  357 

Shrinkages  in  tires,  table  of,  378 

Slag,  removal  of,  480 

Social  surroundings  of  workmen,  266 

Specification,  typical  American,  for 
standard  modern  blast  furnace  plant, 
4f>2 

Standard,  permanent,  of  American  prices, 
7  ;  specifications  and  methods  of 
testing,  347 

Standardisatif)n  of  tools,  178 

Star  Tinplate  Works,  i^K) 

.Steel  Corporation,  basis  of  profits,  298 
cost  of  producing     see  i^ost 
output  of  the  I'nited  States,  increase 
of,  320 

—      prices-    see  I*i /cis 

plants    on    tide -water    in     Tniied 
States,  277 
rails — see  A*ii//s 

works    of    Iniicd    States,   average 
wages  paid  at,  318 
works  plant  and  equipment  of  the 
I'nited  States,  510 

Iirs<emt r  /*/>>rrs<,  5 lo ;  comparison 
of  Hritish  and  American  practice,. 
511:  methods  of  working,  512  ;  metal 
mixers,  514;  direct  pouring  from 
ladles,  515  ;  casting  ingots  on  cars, 
$16:  blowing  power.  517  :  double 
pouring,  517  ;  length  of  blows,  517 

Of^iu-hciirth  /V.'«r5.s  519  :  Home- 
stead Works,  520  ;  Wellman  charging 
machine.  525  :  the  rolling  open- 
hearth  furnace,  528  ;  the  Talbot 
process,  533 ;   the    Monell    process, 

534  :  .Sharon  Steel  C'ompany's  plant. 

535  ;  conditions  of  labour  :  54  [ 
Rolhui^  Mills,  542 :  manufacture  of 

rails,  542  ;  modern  cnmes,  543  :  some 
features  of  rolling  mills.  548  ;  manu- 
facture of  beams,  channels,  etc.,  552  ; 
Pencoydand  Homestead,  554:  plate- 
rolling,  555  :  rolling  of  billets,  5^0  ; 
general  observations,  561 
.Stocking  and  charging  materials  at 
blast  furnaces,  464 
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Stoves,  bhist  furnace,  442 

Strikes  and  lock-outs,  69 

Structural  steel  and  bridge  work,  manu- 
facture of,  146 

Supply  and  production  of  iron  and  man- 
ganese ores,  402 

Swank,  James,  American  Iron  and  Steel 
Association,  292,  305 

T. 

Talbot  furnace  at  Pcncoyd,  148,  149 

Tariff,  effect  of,  on  prices,  289  :  on  indi- 
viduals, 290  -f  on  profits,  302 

—  -  system  of  the  Ignited  States,  283  ; 
present  situation  and  outlook  of,  284  ; 
New  England  manufacturers  on, 
287  :  militant  aspect  of  the,  287  ; 
British  views  of  the,  288 

Tariffs  of  the  past,  283 

Taxation  of  ITnited  States,  264 

Taxes  on  dividends  and  profits,  301 

Taylor-White  process,  178 

Technical  education,  582 

Telephone,  use  of  in  Ignited  States,  80 

Tennessee,  Coal  and  Iron  Company, 
works  of,  203 ;  vicissitudes  of,  302 

Testing,  methods  of,  347 

Tinplate  industry  of  Tnited  States,  158  ; 
exports,  imports,  and  output,  158; 
effect  of  McKinlcy  Tarift*  158; 
Sharon  Tinplate  Works,  1 59 ; 
situation  in  Pennsylvania,  i  50  ;  tin 
plate  works  and  engineering  firms, 
160;  Star  Tinplate  Works,  160: 
general  survey  of  American  tin- 
plate  industry,  162  :  waj^es  j)aid  in, 
164  ;  labour  turns  and  base  weij^lus, 
164  :  movement  of  prices,  195 

Tij)ple,  Brown,  coal,  and  transfer  cranes, 

Tire  prices,  locomotive,  of  Midvale  Com- 
pany, 375  ;  information   to   users  of. 

Ton-mile  earnings  and  charges  on   rail 

road  lines,  88,  89 
Tools,  slanclardihatioii  of.  178 
Trade  unionism  in   the  South,  318-  See 

iMbour 
Transfer  cranes  aiul  coal  tipple,  lirown, 

Transportation  and  handling  of  iron  ores, 

401;,  420 
-    systems  and   conditions,  tSs  ;  costs, 

lowest  on  record,  92  :    rales  for,  363, 

366,  siq^  3^8,  3U; 
.\merican    lake,    105  ;     river,    1  10  : 

canal,  ill;  ocean,  i  r2 
Trusts  and  consolidations,  1X3 
Tubes,  the  manufacture  of,  154  ;  National 

Tube  Company's  works,    154   ;   new 

plants  tor  manufacture  of,  r;" 


United  States  Steel  Corporation.  5,  184: 
prospectus  of  the,  380:  amended 
certificate  of  incorporation  of  the, 
384;  by-laws  of  the,. 390— See  Iron 
()frs,  OujI  attti  Cok^^  Blast  /'nrti.u'ra^ 
Sieei  Works^  etc. 


X'andergrift,  description  of,  271,  5O;,  572 
X'aughen's  tap-hole  closing  machine.  4S4 
Vermilion  ores,  an<ilyses  of,  403 
X'essels   employed    (m    Ameri*  an     Lake 
tratVic  106  ;    work  done  by,  107 

W. 

Waj^es,  rates  of,  54 ;  paid  at  Sellers  vK;  Cos. 
works,  I'hiladelphia,  361  ;  at  blast 
furnaces,  505  :  of  .American  work- 
men, 316;  total  paid  at  Amcri«  an 
blastfurnaces,  318  ;  of  coke  workers, 
18:  of  steel  workers,  318;  of  foundry 
workers,  24 1 

Wagon  resources  of  different  countries. 

Water  transport,  cost  of,  108  :  possi- 
bilities of,  108 

Wealth  of  the  Cnited  States,  2f»4 

Wire  prices,  movement  of,  194 

Wire  rods,  wire,  and  wire  nails,  165  : 
capacity  of  American  wire  wmks, 
165  ;  rods  exported,  K>5  :  new  nni 
mills,  166;  statistical  po>itii»n  at 
end  of  ic>oi,  r^^  ;  capacity  of  works 
of  .\merican  Steel  and  \\\vv  Com- 
pany, U.7  ;  Knsley  Wire  Works, 
167  :  Sharon  Wire   Rod   Mills.  ifiN 

Workmen,  improvements  and  invcnimns 
of.  So;  checkinj^  their  own  work,  S3: 
social  surroimdin^s  of.  2^>^> 

Works  and  mines,  direction  (»f.  Si 

Works,   Kdgar-'rhomson.    12S:     Lukeus. 
135  ;   Worth    lJrolher>,    130  ;    .South 
Chicago,     141  ;     I'encoNd.     147  :     of 
National  'rul)e  Company,  15a  ;    .Star 
Tinplate,   \(yo  ;      Knsley  Wiie,    1^7  : 
Sharon    Wire,  HjS  :     .\iid\ale.    170: 
Crescent  Steel.  170  :  HeihlelKMn  Sul-I. 
17^:     Ilomestea',    n/> :     DutjUt-sne. 
200:      Knsley    .Steel,    201  :      \lesia 
Machine,  232  :    Mackintosh,    Hemp- 
hill   and    ("ompany,   232  ;    Ca-iulen, 
241:     X'anderyrift,     271,     y^n        See 
also     lii'iix!  Fiiniiiit<^    Slcci      \\'.ti>^ 
/'tt//fiffr/i\<^  /'iii^^i'ni'crifii^^  etc. 
World,  mineral  production  of,  14 

ore  produt  lion  of.  12 
Worth  Hr(»ihers,  w<»rks  of,  139 
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